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Two of four BISRA Oil Burners firing a Wellman 
300 350 ton Open Hearth Furnace in a leading 
British Steelworks. Two further furnaces of 
the same capacity and also eight smaller 
furnaces in this Steelworks are also equipped 
with BISRA Oi! Burners. 


OIL BURNERS 


FOR OIL & OJIL/GAS FIRING OF 
HIGH TEMPERATURE FURNACES 


Increase Furnace Productivity 
Lower Fuel Consumption 


Ensure better Flame Control 
resulting in lower Furnace 
Refractory Maintenance Costs 


Reduce Steam Requirements 
for the same flame conditions 


Easy and Inexpensive to install 
Simple in design 


THE WELLMAN SMITH OWEN. ENGINEERING ‘CORPN. LTD. 
“PARNELL HOUSE, WILTON ROAD, LONDON, WORKS: DARLASTON, SOUTH STAs. 
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_ DECEMBER, 1956 
Fuel Cuts 


HE speculation of the last few weeks on the possibility 
of the introduction of petrol rationing has been 

ended by the recent Government announcement on the 
matter, and from the amount of space devoted to it in 
some newspapers, one would imagine that the restriction 
of private motoring to some 200 miles a month was the 
most important consequence of qeananes 
the blocking of the Suez Canal yo 7 
and the destruction of the 
pipeline through Syria. Per- 
haps that is being a little 
unfair, for with the increased 
number of cars on the road it is 
obviously a matter which 
affects a large section of the general public. Further- 
more, it was the one section of the restrictions announced 
by the Minister of Fuel and Power whose consequences 
could be predicted with some accuracy—although the 
extent to which supplementary rations will be made 
available remains to be seen at the time of writing. 

If this is the best time of the year for restrictions from 


the point of view of the week-end motorist, it is certainly 
the worst for those using oil for the central heating of 
premises. Unfortunately, if the cuts are on a percentage 
basis, they will fall particularly hardly on those who 
have in the past been economical in their use of fuel, as 
compared with the many stores and public buildings 


which are normally overheated. We could probably, 
most of us, stand a few degrees drop in temperature of 
the office or workshop—in fact, we might be a!l the 
better for it—but severe cuts could cause difficulties, 
particularly in sedentary occupations calling for manual 
dexterity. 

The 10°, cut in fuel oil to industry is one which may 
have far reaching consequences. The inability of the 
coal mining industry to produce the fuel needed by 
industry as a whole has been obvious for some years 
now, and although there are high hopes that atomic 
energy will make an appreciable contribution in the not 
too distant future, it has been part of the national fuel 
policy that oil should help to tide over the intervening 
period. In accordance with this policy, conversion to 
oil firing has taken place in many plants, and several new 
power stations are being designed with oil-fired steam 
raising plant. In other cases, oil has been chosen as a 
fue! because of its particular suitability in the plant 
concerned. This trend is illustrated by the figures for 
U.h petroleum consumption for the years 1952-55. 
Ww! reas motor spirit consumption increased by only 
15 as compared with 27% for all petroleum products, 
fur oil demand rose by 54°, and gas ‘diesel oil by 38°,. 

etallurgical furnaces, whether for melting or for 
he ing solid metal accounted for about 40% of the 
4,000 tons of fuel oil consumed in 1955, by far the 
test single amount being used in the steel industry's 
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for the Coming Year. 
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open hearth furnaces. At 1,504,000 tons, this was more 
than double the figure for 1948, and as it represents the 
fuel requirements of furnaces producing some two-fifths of 
the industry’s output of crude steel, a cut of 10° means a 
reduction of 4°, in steel output. With production 
currently running at 20 million tons per annum, a cut of 
10°, in oil fuel in force for a year could lead to the loss of 
almost a million tons of steel. Fortunately the situation 
is not as bad as these figures 
suggest, provided circum. 
stances do not arise which 
necessitate an increase in the 
figure of 10%. Most steel 
companies carry two or three 
weeks’ supply of fuel in their 
storage tanks, and it is hoped 
that this will keep production at its present level until 
alternative fuels can be put into service. 

Even if coal were available, it could not be used for 
steel production without some means of gasification, so 
that no rapid changeover to solid fuel is feasible. In 
integrated works it might be possible to use more coke 
oven gas where this is at present being sold to local gas 
boards, but the most promising alternative fuel appears 
to be pitch-creosote. Both pitch and creosote are 
obtained by distilling the tar which is produced as a 
by-product in coke oven plants and gasworks. When 
mixed together they form a satisfactory liquid fuel 
which, although 10°, lower in calorific value than fuel 
oil, can be and is used for firing open hearth steel 
furnaces. The steel industry, with Government co- 
operation, is negotiating with the tar distillers, and most 
firms have made arrangements for the burning of pitch- 
creosote in some of their furnaces. Straightforward 
substitution of one fuel for the other is not possible 
because of the different characteristics of fuel oil and 
pitch-creosote. The main difference is that the latter is 
more viscous at ordinary temperatures, but, as men- 
tioned above, the “‘ know-how ” for its utilisation in 
open hearth furnaces is readily available. It has to be 
heated more than oil before it can be satisfactorily 
piped, and in the case of supplies arriving by rail from 
distant producers, it may have to be heated before it can 
be pumped from the rail tanker wagons. As _ by- 
products, pitch and creosote cannot be produced in 
appreciably increased quantities, so that supplies will 
have to be obtained by diverting material which would 
otherwise be used for other purposes. Exports could also 
be cut down, though at the risk of losing the overseas 
markets. 

Not all metallurgical users of fuel oil could change to 
pitch-creosote, even if supplies were available, and 
although improved efficiency in the use of fuel might 
partially offset the reduced supplies in some instances, 
there must be many establishments where the cut will 
inevitably lead to short time working and reduction in 
(Continued on page 273) 
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Meeting Diary 


3rd_-4th December 
Institute of Metals. General Meeting at Church House, 
Westminster. For details of papers to be discussed, see p. 292. 


4th December 
Incorporated Plant Engineers, London Branch. “ Refri- 
geration and the Heat Pump,” by Sir Ottver O.B.E. 
Royal Society of Arts, John Adam Street, Adelphi, Strand, 
London, W.C.2. 7 p.m. 
Institute of British Foundrymen, Slough Section. 
Discussion on * Dimensional Accuracy of Castings,’ with intro- 
ductions by W. L. Kine, J. L. Rice, H. J. SHarp, A. Tayior. 
Lecture Theatre, High Duty Alloys, Ltd., Slough. 7.30 p.m. 
Sheffield Metallurgical Association. ‘© The Instrumental 
Chemist--Some Advances in Spectrophotometry and Absorptio- 
metry,” by D. Curry. B.LS.R.A. Laboratories, Hoyle Street, 
Sheffield, 3. 7 p.m. 


Open 


5th December 
Institute of Welding, Manchester and District Branch. 
Hard Surfacing,” by M. Reynolds Hall, College 
of Technology, Manchester. 7.15 p.m. 
Institution of Production Engineers, Liverpool Section. 
* The Practical Application of Production Engineering Research,” 
by Dr. D. F. GaLtoway. Joint meeting with Liverpool Public 
Libraries. Liverpool Central Libraries, William Brown Street, 
Liverpool. 7.30 p.m. 
Iron and Steel Engineers Group. 10.30 a.m. to 12.45 p.m. 
Presentation and Discussion of the paper by F. J. Porrer and 
L. Durry on “ Blowers for Use in Iron and Steel Works ” ; 
12.45 p.m. to 2 p.m. Buffet Luncheon; 2 p.m. to 4 p.m. 
Presentation and Discussion of the paper by V. Barnett on 
* Gas and Air Compressors.” 4, Grosvenor Gardens, London, 
S.W.1. 
Manchester Metallurgical Society. ‘ Boron in Steel,” by 
F. B. Pickertne. Manchester Room of the Central Library, 
Manchester. 6.30 p.m. 

6th December 
East Midlands Metallurgical Society. “Bells and Bell 
Founding,” by P. L. Taytor. Nottingham and District Techni- 
cal College. 7.30 p.m. 
Institute of Metals, London Local Section. © The Founding 
of Magnesium,” by Dr. E. F. Emiey. Joint meeting with the 
London Branch of the Institute of British Foundrymen. — 17, 
Belgrave Square, London, 8.W.1. 6.30 p.m. 
Institution of Production Engineers, Reading Section. 
* The Properties of Pure Molybdenum Disulphide and its Appli- 
cation to Production Engineering,” by H. P. Jost. The Great 
Western Hotel, Reading. 7.30 p.m. 
Leeds Metallurgical Society. 
Non-Ferrous Metals,” by P. T. Houtpcrort. 
Lecture Theatre, The University, Leeds, 2. 
Society of Chemical Industry, Corrosion Group. Joint 
Meeting with the Bristol and District Sections of the Society of 
Chemical Industry, the Chemical Society and the Royal Institute 
of Chemistry, the Institute of Metals, and the Chemical Engineer- 


* Gas-Shieided Welding of 
Large Chemistry 
7.15 p.m, 


ing Group. “ Corrosion Fatigue,” by T. D. Weaver; and 
“ Stress Corrosion,” by K. R. Winrson. Chemical Dept., of the 
University, Woodland Road, Bristol, 8. 6 p.m. 


Society of Instrument Technology, Tees-Side Section. 
“ Suction Pyrometry,” by T. Lanp. Cleveland Scientific and 
Technical Institution, Corporation Road, Middlesbrough. 7.30 
p-m. 

7th December 
Joint Meeting of the Chemical Society, Royal Institute of 
Chemistry and the Society of Chemical Industry. © New 
Aspects of the Sequestration of Metals,’ by Dr. R. L. Smrrn. 
The University, Manchester. 6.30 p.m. 
Manchester Association of Engineers. 
ling Equipment and its Applications,” by F. T. Dean. 
Club, Albert Square, Manchester, 6.45 p.m. 


8th December 
Institute of British Foundrymen, 


* Mechanical Hand- 
Engineers 


Scottish Branch. 


* Densening and Chilling in Producing Sound Ferrous and Non- 
Ferrous Castings,” by E. 
George Street, Glasgow, C.1. 


LonepeN. Royal Technical College, 


3 p.m. 


10th December 
Scottish Local Section. 
Quality Tests for Copper-Base Alloys,” by A. R. Frencn. 


Institute of Metals, * Metal 
39, 
Elmbank Crescent, Glasgow, C.2. 6.30 p.m. 


Institution of Production Engineers, Sheffield Section. 


* Automatic Welding Developments,” by R. L. Swan. Grand 
Hotel, Sheffield. 7.15 p.m. 

1ith December 
Institute of Metals, South Wales Local Section. ‘* Recent 


Developments in Aluminium Alloys and their Uses,” by J. C. 
Baitey. Department of Metallurgy, University College, Single- 
ton Park, Swansea. 6.45 p.m. 

North East Metallurgical Society. * Dislocations and the 
Strength of Metals,” by Dr. A. H. Corrrety. Cleveland Scienti- 
fic and Technical Institution, Middlesbrough. 7.15 p.m. 
Sheffield Metallurgical Association. “The Climate of the 
Open Hearth Furnace,” by Dr. J. H. Cresters. B.I.S.R.A. 
Laboratories, Hoyle Street, Sheffield, 3. 7 p.m. 


12th December 

Institution of Production Engineers, Halifax Section. 
“ Applications of Drilling Machines,” by W. A. Hannasy. 
White Swan Hotel, Halifax. 7.15 p.m. 

Society of Chemical Industry, Corrosion Group. ~*~ Corro- 
sion in the Tropics,” by H. R. AmMsBier. Society of Chemical 
Industry, 14, Belgrave Square, London, 8.W.1. 6.30 p.m. 
Society of Instrument Technology, South Yorkshire 


Section. ‘ Instrumentation in Steel Rolling Mills,” by R. B. 
Stmus and P. Brices. The University, St. George’s Square, 
Sheffield, 1. 7 p.m. 


13th December 
Incorporated Plant Engineers, Merseyside and North 
Wales Branch. * Bearings and Bearing Failures,” by R. W. 
Jones. Exchange Hotel, Liverpool. 7.15 p.m. 
Institute of British Foundrymen, Beds./Herts. Section. 
* Experiences of Forty Years in and around Foundries,” by W. 
Harpy. K. & L. Steelfounders & Engineers, Ltd., Letchworth. 
7.30 p.m. 
Liverpool Metallurgical Society. “Shell Moulding,” by 
D. F. Battery. Liverpool Engineering Society, 9, The Temple, 
Dale Street, Liverpool. 7 p.m. 


14th December 
Institution of Engineers and Shipbuilders in Scotland. 
* Experiences with Welded Hulls,” by J. Turnsuty. Joint 
Meeting with the Aberdeen Mechanical Society. Robert Gor- 
don’s Technical College, Aberdeen. 7.45 p.m. 


17th December 
Institution of Production Engineers, 
“The Technique and Application of Tungsten Carbide,” 
F. H. Bates. Derby and District College of Art. 7 p.m. 
18th December 
Institution of Engineers and Shipbuilders in Scotland. 


Derby Section. 


by 


* Experiences with Welded Hulls,” by J. Turnsutt. 39, 
Eimbank Crescent, Glasgow. 6.30 p.m. 

19th December 
Incorporated Plant Engineers, Kent Branch. ~ Plant 


Planning and Development,” by A. W. Western. Kings Head 
Hotel, High Street, Rochester. 7 p.m. 
Institute of Welding, West of Scotland Branch, and Institu- 
tion of Engineers and Shipbuilders in Scotland. ~*~ Brittle 
Fractures on Ships,” by Dr. A. A. Wetts. 39, Elmbank Cres- 
cent, Glasgow, C.2. 7 p.m. 

20th December 
Institution of Mining and Metallurgy. Discussion of “A 
Field Method for the Rapid Estimation of the Oxides of Niobium 
and Tantalum in Black Sand Concentrates,’ by H. C. CuRWEN ; 
and * Laboratory Studies on the Beneficiation of Some Ferru- 
ginous Manganese Ores of India for the Production of Ferro- 
manganese,” by P. I. A. NARAYANAN and G. V. SuBRAMANYA. 
Geological Society Rooms. Burlington House, Piccadilly, 
London, W.1. 5 p.m. 
Institution of Production Engineers, Glasgow Section. 
* Metallurgy and the Production Engineer,” by T. G. Srrone. 
39, Elmbank Crescent, Glasgow, C.2. 7.30 p.m. 


21st December 
West of Scotland Iron and Steel Institute. Symposiviim on 
Ingot Moulds. Papers by G. Bowman, A. M. Haminton ond J. 
Tuomson. 39, Elmbank Crescent, Glasgow. 6.45 p.m. 
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Some Observations with the Electric Spark 
Machining Process 


By G. R. Wilms,* B.Met.E., M.Eng.Sc., Ph.D. and J. B. Wade,t A.R.M.T.C. 


In a study of the spark machining of aluminium, antimony, chromium and iron, 
evidence has been found that both deformation and cracking of the surface can occur. 


In practical applications, these effects can be removed where necessary by some finishing 
operation such as polishing. It is suggested that metal removal is effected by thermal rather 


HE electric spark machining process has been 
developed considerably in recent years,’” and is 
now assuming industrial importance for the 
machining of very hard metals and alloys, and other 
electro-conductive materials, which are unmachinable 
or difficult to machine by conventional methods. It may 
also be used to advantage on softer materials when 
holes of complex form have to be produced. 

Briefly, the basic principle involved in electric spark 
machining is the erosive effect produced by a spark 
discharge, of controlled intensity and duration, between 
two electrodes, one being the tool and the other the 
workpiece itself. Since metal removal is generally faster 
at the anode,* the workpiece is normally made the anode. 
In normal spark machining equipment, the workpiece 
and tool electrode are separated by a liquid dielectric, 
usually kerosene or transformer oil; on applying a 
voltage across the gap, a spark occurs when the voltage 
reaches the breakdown point of the dielectric. 

In work on chromium and chromium alioys in these 
laboratories, certain difficulties had been experienced in 
machining by conventional methods, and attention was 
therefore directed to the possibility of employing 
electric spark machining. Accordingly, a brief study 
was made of the salient characteristics of the process, 
with special reference to the changes that may be 
produced in the workpiece, and also to gain some know- 
ledge on the mechanism of metal removal. In this 
connection, it was considered desirable that other metals 
of different melting points and mechanical properties be 
examined, to determine whether the changes that may 
occur in the workpiece, and the mechanism of metal 
removal, are basically the same for all metals. The 
investigation was therefore carried out on four metals, 
namely : 

(a) chromium, which has a high melting point and 

is brittle ; t 

») aluminium, which has a low melting point and is 

ductile ; 

¢) iron, which has a high melting point and is 

ductile ; and 


d) antimony, which has a low melting point and is 
brittle. 


efence Standards Laboratories, Melbourne, Australia. 


British Welding Reasearch Association, England. Formerly, Defence Stand- 
irds Laboratories, Melbourne, Australia. ‘ 


Investigations so far have shown that massive chromium in the strain-free 
ondition is brittle at room temperature, 


December, 


1956 


than purely mechanical means. 


Experimental 


The chromium and aluminium, which were of high 
purity, were in the form of } in. rolled strip ; the iron was 
ingot iron and in the form of } in. rolled strip ; and the 
antimony, which was of commercial purity, was in the 
form of | in. square cast bar. In order that structural 
changes produced by the spark machining could be 
observed more readily, the materials were given an 
annealing treatment so that they were all initially in a 
strain-free condition. The specimens were next polished 
to produce a surface suitable for metallographic examina- 
tion, the polishing being carried out electrolytically for 
chromium, aluminium and iron, and by mechanical 
methods for antimony, as all attempts at electropolishing 
antimony were unsuccessful. 

The spark machining equipment used was developed 
and constructed locally.* This equipment incorporated 
a simple relaxation circuit as the basic circuit for the 
generation of the required train of spark discharges. A 
brass rod of }; in. diameter was used as the tool electrode 
for the purpose of “ drilling” holes in the workpiece, 
and this, together with the workpiece, was placed in a 
small tank. The dielectric used was kerosene, and this 
was circulated continuously across the spark gap by 
means of a small pump. To maintain the correct gap 
during operation, the position of the tool electrode was 
controlled from the voltage across the electrodes by 
comparison with a reference voltage. 

A range of operating conditions was examined, and the 
observations will refer, unless otherwise specified, to the 
following conditions, which were adopted as standard for 
the metals in this investigation : 


Voltage 120 V. 
Capacitance 25 
Current 1A, 


The spark gap was found to be in the range of 0-0003- 
0-0015 in. The electrical characteristics were examined 
with an oscilloscope, but it was possible to observe only 
the voltage increase, the discharge process occurring so 
rapidly that it could not be recorded with the equipment 
available. These characteristics were found to be the 
same for all four metals examined. 

The specimens were examined after the spark machin- 
ing by microscopic and X-ray diffraction methods. The 
X-ray examination was made by the back-reflection 
method from a stationary specimen, using cobalt-K 


® At Commonwealth Aircraft Corporation, Melbourne, Australia, who made 
the equipment available. 
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Top right —antimony 


Top left—chromium 
Bottom right— iron 


Bottom left—aluminium 
Fig. 1.—-Photograph of machined holes. x3 


radiation for the aluminium and iron specimens, 
chromium-K radiation for the chromium specimen, and 
iron-K radiation for the antimony specimen. 


Results 

Surface Finish 

The surface finish of the four metal specimens is 
illustrated in Fig. 1. The surface formed is composed of 
crater-like depressions, and rather resembles a shot- 
blasted finish. The surfaces of the chromium and iron 
appear to be smoother, and less bright and reflective than 
those of aluminium and antimony. A smoother finish 


Fig. 3.—Chromium 


Fig. 5.—Iron 


Figs. 3-6.—-X-ray photographs showing the changes produced by spark machining 


Fig. 2.—-Photomicrograph of surface of aluminium, 
showing individual smooth craters. Note the small 
globules of metal on the surface x 50 


could be obtained on the specimens by employing slower 
machining rates. 

The surface of a typical specimen is shown in more 
detail in Fig. 2. The individual smooth craters can be 
clearly seen, and it is of interest to note that small 
globules of metal are adhering to the surface. The general 
appearance of the surface seems to be quite different from 
a mechanically fractured surface 


Structural Changes 


The structural changes produced by the spark 
machining are illustrated in Figs. 3-11. 


Fig. 4.—Aluminium 


Fig. 6.—Antimony 
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Fig. 7.-Photomicrograph of chromium __ specimen, 
showing deformation and cracks around edge of hole. x 250 


Reference is made first to the changes shown by the 
X-ray examination, the photographs being taken of the 
bottom of the holes. Since the X-ray photographs 
showing the initial annealed condition of all the specimens 
are similar, only that of the chromium specimen is given 
(Fig 12). Figs. 3-6 show that after spark machining, 
the grains of each of the four metals are considerably 
broken down, as illustrated by the transition from the 
sharp reflection spots typical of annealed grains to the 
apparent continuous diffuse ares typical of deformed 
grains. The same result was obtained if X-ray photo- 
graphs were taken of the side of the holes. It should be 
added that distortion was also observed by X-ray 
methods on a sample of chromium-tungsten alloy* which 
had been sectioned using commercial spark machining 
equipment. The depth of distortion at the bottom of the 
holes was determined by taking X-ray photographs after 
polishing or etching off successive layers of the metal. 
The values obtained were as follows: chromium 0-005 
in., aluminium 0-008 in., iron 0-006 in., and antimony 
0-006 in. If the operating conditions used for spark 
machining were adjusted to produce a finer surface 
finish, the depth of distortion was found to be smaller. 

The corresponding microscopic examination showed 
all four metals to be plastically deformed around the hole. 
This appeared most marked for aluminium (Fig. 8), on 
which slip lines could be observed some 0-050 in. from 
the edge of the hole, while slip lines were visible 0-050 in. 
from the edge of the hole in chromium (Fig. 7), and 


* Spark machined sample supplied by Aeronautical Research Laboratories, 
Melbourne, Australia. 


Fig. ).-Photomicrograph of iron specimen, showing Fig. 10.—Photomicrograph of antimony 


defor nation around edge of hole. 
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Fig. 8.—Photomicrograph of aluminium specimen, 
showing extensive deformation around edge of hole. x 100 


0-010 in. in iron (Fig. 9). The deformation markings on 
antimony (Fig. 10), which also showed cleavage, appeared 
to be far more localized. The values given for chromium 
and iron are only very approximate, since the slip mark- 
ings were not very pronounced, as is usual for body- 
centred cubic metals, and the surface of the iron was 
tarnished near the edge of the hole which might mask any 
slip markings further out, or which may actually inhibit 
the slip process. Differences in grain size would also lead 
to differences in the observed values. The deformation 
could also be observed within the holes themselves. A 
typical example is illustrated in Fig. 11, which shows slip 
lines at the bottom of the hole in aluminium. 

Since the tool electrode may be susceptible to hunting 
when a servo control is used, it might be argued that the 
deformation is not a basic feature of the spark machining 
process, but is merely a consequence of the bumping of 
the tool electrode on to the workpiece. In another test, 
therefore, the servo control was disconnected and the 
tool electrode was slowly moved by hand toward the 
workpiece until a spark discharge was obtained. At no 
time did the tool electrode come into contact with the 
workpiece. Microscopical and X-ray examination of the 
surface of the specimen showed that the metal was 
again deformed ; Fig. 16 shows slip lines around apparent 
individual craters. Hence, the deformation is produced 
by the spark discharge. 


Cracking 


Cracks were observed around the edge of the hole in 
the chromium specimen (Fig. 7),’and a network of cracks 


specimen, 


x250 showing deformation and fine cracks around edge of hole. 


x 250 
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specimen, 
x 250 


Fig. 11.--Photomicrograph of aluminium 
showing deformation at bottom of hole. 


was also visible within the hole of thg same specimen 
(Fig. 13). The chromium-tungsten alloy referred to 
earlier was also found to contain a network of cracks 
on the “ machined ”’ surface, as illustrated in Fig. 14. 
The cracks penetrated to about the same depth as the 
deformation. Furthermore, fine cracks were observed 
around the edge of the hole of the antimony specimen 
(Fig. 10), and small pieces of the metal appeared to have 
almost broken away from the parent metal. Extensive 
cracking of the antimony occurred, however, if two 
holes happened to be spaced close together, as shown in 
Fig. 15. 

No cracks were observed on the aluminium or iron 
specimens. Around the edge of the hole in aluminium, 
however, what can best be described as tongue-like 
inlets could be observed, some of which are indicated by 
arrows in Fig. 16. 

Examination of Residues 

The residues from each metal specimen were collected 
by filtering off the kerosene, and these were then 
thoroughly washed and dried. The residues contained a 
considerable amount of carbon due to the breakdown 
of the kerosene during spark machining, and spectro- 
graphic examination showed that some brass from the 
tool electrode was also present. 

Photomicrographs of the residues are given in Figs 17- 
20. The first feature of the microscopic examination is 


that all the metallic particles are globular in shape ; 
the grey-coloured particles of angular shape are carbon. 
The second feature is that there is a considerable variation 
in particle size in each of the residues. 


The variation 


Fig. 13.-Photomicrograph of chromium 


showing cracks at bottom of hole. 


specimen, 
x 250 


Fig 12.—X-ray photograph of chromium specimen, 
showing initial annealed condition. 


does not appear so marked in the photographs, since the 
smailer particles are difficult to record owing to their 
high reflectivity, and also many of the particles are 
beyond the limits of resolution of the optical microscope. 
Finally, the average size of the particles depends upon 
the material of the workpiece. The average size is 
smallest for chromium, increasing for iron, and is largest 
for aluminium and antimony. 


Discussion and Conclusions 


In connection with the objects of the investigation, 
the results bring out the following points : 

(1) Deformation of the metal surface is a basic feature 
of the spark machining process. It has been stated in the 
literature from time to time that there is negligible 
disturbance of the surface, but no real evidence is 
produced to support the statement. It has, however, 
been reported® that discs cut from very thin sheets of 
aluminium and silicon-iron by spark machining, show 
no signs of deformation when examinined by X-ray 
methods, but complete details of the operating conditions 
used in this work were not specified. 

To consider the structural changes produced by the 
spark machining process more generally, it should be 
pointed out that the amount of deformation is dependent 
upon both the operating conditions, and the composition 
and structure of the workpiece. With reference to the 
former, the deformation becomes less the finer the surface 


‘finish, as has been found in the present work, w hilst 


as for the latter, if the material is initially in a strained 
condition the deformation produced by spark machining 


Fig. 14.—-Photograph of chromium-tungsten 


alloy, 
showing network of cracks on surface. x 30 
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Fig. 15.—Photomicrograph of antimony specimen, 
showing extensive cracking between holes. x 250 


may be relatively small, and, in fact, it may be very 
difficult to detect at all. 

(2) Spark machining can produce cracks in the surface 
of the workpiece. The cracking appears to be confined to 
those metals which are brittle at room temperature. 
Cracking around holes of spark machined hard metal 
alloys has also been reported.’® It might be expected 
that this cracking would lead to the complete splitting 
off of metal aggregates, but in none of the residues 
examined in the present work were any angular particles 
observed. The observations on antimony suggest that 
it may not be good practice to spark machine holes too 


gh 


Fig. 17.—Chromium 


Fig. 19.—Aluminium 


Fig. 16.—-Photomicrograph of aluminium specimen, 
showing deformation around apparent individual craters, 
and tongue-like inlets around edges of holes. x 100 


closely together on such materials, as extensive cracking 
between the holes may occur. 

(3) Various explanations have been advanced to 
account for the action of spark machining, although 
little has been published on theoretical or experimental 
studies up to the present time. Without considering 
them in any detail here, they can be classified broadly 
into two groups, the first being based on metal removal 
by mechanical forces,?:":'? and the second group being 
based on the thermal character of the spark discharge. 
3, 5,10. 13 The results of the present investigation favour the 
second group. The residues from all the metals examined 


Fig. 20.—Antimony 


Figs. 17-20.—-Photomicrographs of residues from spark machined specimens. 
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are globular in shape, which strongly suggests that the 
metal has either melted or vaporized and condensed in 
the surrounding liquid dielectric. Moreover, the spark 
machined surfaces are not at all similar to surfaces frac- 
tured by mechanical means, but rather have the appear- 
ance that the metal has superficially attained very high 
temperatures. This observation is in agreement with 
other published work.'® It has also been found"™ that if 
tool steel is spark machined in the soft condition, the 
surfaces are subsequently hardened, indicating that 
they have attained a high temperature, and then been 
quenched by the liquid dielectric. These observations, 
considered in conjunction with the fact that the dielectric 
is generally a hydrocarbon liquid, suggests that in 
some cases carburization of the workpiece might occur. 

The changes that have been observed at the surface of 
the metals examined, such as deformation and cracking, 
are thus most probably a result of the thermal stresses 
set up during the spark machining operation. In this 
connection, anisotropy of thermal expansion may be an 
important consideration in the case of antimony. 

A more complete analysis of the mechanism of metal 
removal cannot be made at the present time until further 
experimental work has been carried out. 

(4) Finally, it should be emphasized that although 
spark machining can produce changes in the surface of a 
metal workpiece, it is not suggested that the process is 
not a most useful one for the machining of a variety of 


International Wrought Non-Ferrous 
Metals Council Meeting 


THE Steering Committee of the International Wrought 
Non-Ferrous Metals Council met in Copenhagen on 
October 18th, 1956, and was attended by delegates from 
Belgium, Denmark, Finland, France, Germany, Great 
Britain, Italy, Portugal, Sweden and Switzerland. A 
review of the work now in progress was given by the 
Chairman of the International Council, Mr. H. E. 
Jackson, C.B.E., which included, among other matters, 
a detailed study of substitution in the electrical industry 
and the creation of a library of technical films. 

Proposals are well advanced for the production of 
copper ingot-bars in pallet form, and consideration is 
being given to standardising stacks of zine slabs suitable 
for despatch in palletised form, and also to the mechanical 
handling of copper cathodes. Productivity surveys are 
taking place in the manufacture of brass rods and copper 
tubes, a working panel has been set up to consider and 
study costing methods in member countries, and an 
exchange of information on technical education is taking 
place. 

Papers have been issued in the form of a questionnaire 
dealing with accident prevention and safety in industry 
generally, and it is hoped to begin collecting information 
on a comparable basis from Ist January, 1957. The 
International Council was represented at a conference 
held in Vienna in September, at which the interesting 
subject of inter-firm comparisons was discussed. This 
conference was spo.sored by the European Productivity 
Agency, and its report will receive careful consideration 
by the International Council when it is published. 

The Steering Committee noted an increase in world 
copper production, in the first half of 1956, of nearly 
10°,, over production during the first half of 1955. 
Statistics of production of copper and copper alloy semi- 


metals and alloys. The main purpose of this account 
is to direct attention to the fact that such changes can 
occur, so that in practical applications the effects are 
removed where necessary by some finishing operation, 
such as polishing. 


Acknowledgments 


The authors wish to thank Mr. J. I. Nish for his 
continued interest in this work. The co-operation of the 
Commonwealth Aircraft Corporation, Melbourne, 
Australia, is also gratefully acknowledged, with special 
thanks to Mr. R. Andrews and Mr. L. Hawkins for their 
valuable advice and assistance on the operation of the 
spark machining equipment. The paper is published by 
permission of the Chief Scientist, Department of Supply, 
Australia. 


REFERENCES 
Lazarenko, B. R., and Lazarenko, N. I., Machine Tools Cutt. Tools, Moscow, 
1946, 17,8; 1947, 18, 4. 
Rudorif, D. W., Engrs’. Dig., 1949, 10, (9), 306. 
Rudorff, D. W., Welding and Metal Fabrication, 1953, 21. (11), 425. 
Judkins, M. P., and Dickey, D.F., Jron Age, 1951, 168, (4), 65. 
Konez, L., Gépész, 1949, 1, (9-10), 388; Engrs’ Dig., 1950, 11, 108. 
Roller, J. 8., /ron Steel Engr., 1951, 28, (10), 133; Machinery (Lond.), 1952, 
80, (2049), 322. 
7 Seed, M. G., Machinist (Bur. Ed.), 1952, 96, (26), 977. 
8 Kohischiitter, V., Z. Elektrochem., 1919, 25, 309. 
9 James, J. A., and Milner, ©. J., J. Sci. Jnstrum., 1953 30, (10), 386. 
10 Hinntiber, J., and Ridiger, O., Tech. Mitt. Krupp. 1954, 12, (5), 107, 
11 Williams, E. M., Blect. Engng. (N.Y.), 1952, 71, (3), 257. 
12 Alden, C. R., Mech Engng. (N.Y.), 1953 95, (9), 701. 
3 Rudorff, D. W., and Drubba, H., Research (Lond.), 1954, 7, (6), 216. 
14 Hawkins, L. I., private communication, 


finished products are by arrangement printed in the 
Monthly Bulletin of the British Bureau of Non-Ferrous 
Metal Statistics, the circulation of which is showing a 
healthy increase in European countries. The lower price 
of copper now in evidence was welcomed, and it is hoped 
that this factor, coupled with a greater degree of stability, 
will be the keynote of the future market in this com- 
modity. 

Proposals to create a free trade area in Europe have 
been briefly discussed and plans made for maintaining 
close contact between member countries over this 
complex and difficult problem. Indications are that 
applications for membership of the International Council 
are likely to be received in the near future from the 
copper and copper alloy fabricating industries in two 
other European countries, 


West Instrument London Office 


West Instrument, Lrp., of Brighton, makers of 
scientific and recording instruments for all purposes, 
have now opened an office in London which will provide 
a complete sales and service centre for customers in the 
London area. The Manager of the London Office is 
Mr. H. W. Barnett, and the address is: 25a, Cockspur 
Street, London, 8.W.1. (Tel.: WHItehall 1345.) 


Coke Oven Order 
ConstTRUCTION Co., LTp., announce 
that the National Coal Board, North Eastern Division, 
have placed with them an order for a new battery of 
coke ovens to be built at their Glasshoughton Works. 
The battery will consist of 42 W-D Becker ovens with 
a carbonising capacity of approximately 850 tons of coal 
per day, and will include the necessary coal handling 
plant. 
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The Inventions of Bessemer in relation to 


Non-ferrous Metals 
By Hugh O’Neill, M.Met., D.Sc., F.I.M. 


Professor of Metallurgy, University College, Swansea 


Although Bessemer is best known for his pneumatic steelmaking process, he was responsible 

for many developments in other fields, including that of non-ferrous metals. We present 

here an account of the Chairman’s Address to the South Wales Local Section of the Institute 

of Metals, in which Professor H. O’ Neill refers not only to Bessemer’s inventions in the 

field of non-ferrous metallurgy, but also to procedures for non-ferrous metals involving 
the application of the pneumatic oxidation principle. 


HIS year we are commemorating the centenary of 
T the announcement by Henry Bessemer of his 

well-known pneumatic process for making steel. 
Sixteen days after the announcement, the Dowlais 
Works at Merthyr took out the first licence. The 
importance and eventual success of this method over- 
shadows the other work of this famous man, and it 
therefore seems opportune to recall some of his inventions 
in the field of non-ferrous metallurgy. Furthermore, it 
is appropriate to outline various procedures for non- 
ferrous metals which also involve the application of the 
pneumatic oxidation principle. 

The bread-and-butter operation which financed, and 
to that extent made possible, all Bessemer’s experiments 
on ferrous metallurgy was the production of a non- 
ferrous metal or powder. For decorative purposes, 
printers and bookbinders used a “ gold powder ”’ which 
was made by a secret process in Nuremburg, and sold in 
England during 1840 at £5 12s. Od. a pound. The 
powder was made of bronze, but for Bessemer it proved 
to be golden indeed. His interest in the material arose 
from work on art castings which he developed soon 
after 1830. 


Side-blowing—Ancient and Modern 
Further reference will be made to this subject later, 
but in the meantime let us glance at the best known 
Bessemer invention. The essence of his process of steel- 
making was the introduction of a cold blast of air into 
liquid pig iron in order to oxidise impurities without the 
further use of external fuel. From pre-historic times, 
metals have been refined in heated hearths using natural 
or forced draughts of air. Needham! has stated that 
metallurgical blowing engines using water power were 
introduced into China eleven centuries before their 
appearance in the West. Foot bellows are shown in a 
tomb of Thothmes IIT (1500 B.c.), and in the Old 
Testament, for instance, Jeremiah? lamented that the 
“bellows have done their work, the lead streams away 
in the fire.” In some of these ancient operations it is 
quite possible that the air blast entered the liquid metal 
and carried out a pneumatic oxidation, although external 
fuel was still required. Pliny, for instance, (A.D. 23-79) 
states that “ flowers of copper ”’ (cupric oxide) are made 
by fising copper and moving it to another furnace 
Where the rapid blast separates it into a thousand 
particles.” The 12th century monk, Theophilus, writing 
of th purification of copper says “ take an iron dish . . . 
place it before a forge upon the coals, so that when the 
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bellows act upon it the wind may issue partly within and 
partly above it, and not below it . . . place copper in it 
equally and add over it a heap of coals. When. . . this 
has become melted . . . stir it with a thin and dry piece 
of wood...” It is not clear from this quotation whether 
the air blast is made to flow deliberately through the 
molten metal, but it is probable that sometimes it did 
so. In Book XI of Agricola’s ‘‘ De Re Metallica,” we 
read of the refining of copper in a cup-like hearth having 
two or three bronze blast pipes reaching to the edge of 
the furnace and touching the crude copper. During 
melting, Agricola states that the Master pushes an iron 
bar into the middle of the plastic mass “ in order that it 
may receive the air.” The Master also sights down the 
blast pipe to see if too much slag is adhering to the 
nozzle and hindering the blast. If so he clears the nozzle 
by inserting an iron hook to clear the passage. Here is 
an early reference to the clogging of tuyeres which 
became one of the difficulties in the application of the 
Bessemer process to copper metallurgy, and will be 
mentioned later. Finally, we may notice a statement by 
Lazarus Ercker (1580) on the fire-refining of silver, 
where, after supplying charcoal and fir wood, the 
metallurgist is instructed to “ let the blast hit the silver 
underneath, and thus refine it in the blast.” 

With these examples before us, one would expect 
metallurgists to be traditionally familiar with the idea 
of side-blowing operations for refining purposes. It is 
interesting therefore, to note Bessemer’s own comment*® 
that if he had been a metallurgist he would never have 
come to the idea of his steelmaking process ! When one 
considers his later difficulties concerning phosphorus and 
oxygen in the final steel, it is evident that he was groping 
about in the dark. In doing so he struck against some- 
thing valuable, and started a conflagration which still 
illuminates the pages of metallurgy and warms us to an 
appreciation of his genius. 

The main point of course was that the early refineries 
were supplied with external heat from solid fuel such as 
charcoal. Modern studies of thermodynamics provide 
a means of measuring the tendency of any specified 
process to take place under stated conditions, and 
physical chemistry permits the calculation of theoretical 
release or absorption of heat. Thus, laboratory deter- 
mination of the heat of formation of silica from silicon 
at 25°C. gives 207 k.cal., and this can be adjusted to 
show that when taking place in moiten iron at 1,400° C. 
there is an evolution of heat of 187 k.cal. Per 1° silicon 
removed by pure oxygen, the heat gain becomes 64 k.cal., 
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and dividing by the specific heat of molten iron the 
temperature rise is 310°C. For air blowing, Richards 
gives a rise of 188°C. This explains the surprise found 
by Bessemer on bubbling cold air through liquid pig 
iron, in that the metal was not chilled: actually its 
temperature was raised, the charge remained liquid 
(although its melting point was being increased) and a 
refining operation was performed. 

It is intriguing to speculate how Bessemer hit upon his 
idea of decarburising liquid pig iron with air. It must 
be mentioned that just prior to Bessemer’s invention, 
Nasmyth patented the use of a steam jet for puddling 
iron, and Bessemer publically admitted that this 
innovation led him to his own invention.* Furthermore, 
William Kelly® of Eddyville, Kentucky ‘ was using an 
air blast to refine pig iron some six or seven years before 
Bessemer was even interested in ferrous metallurgy,’”® 
so much so that his U.S. Patent of 1857 acted somewhat 
as an impediment to the development in U.S.A. of 
Bessemer’s patent. 


Bessemer's Side-blowing Experiments 


If we consider the actual details of the first experi- 
ments in 1855, we see a link—accidental or otherwise— 
between the ancient blast pipe operations, the steel- 
making process, and the use of the latter principle in 
non-ferrous metallurgy. Bessemer was trying to produce 
malleable iron in the usual coal-fired reverberatory 
furnace, and to obtain better combustion and a higher 
temperature he made a hollow perforated firebridge with 
its tuyeres running to the edge of the bath.” A blower 
forced air into the firebridge cavity and through the 
holes, and thus introduced a side-blowing effect. 
Bessemer once noticed near the holes some pieces of iron 
which had not melted, and examination suggested to 
him that they were decarburised. This led him to make 
his crucible experiment, and eventually his converter. 
With great engineering skill he designed the early 
Bessemer plants, and it is remarkable how the ingot- 
mould side of the installations resembles in outline the 
continuous casting machines of to-day. 


The Death of the Welsh Copper Process 


A century ago, Swansea was at the zenith of its 
activity in copper smelting by the old laborious Welsh 
Process, which consisted of a series of oxidising fusions. 
One supposes that Bessemer’s invention must have 
kindled some interest in South Wales, but I have not 
come across any successful work in Britain on the 
application of the new pneumatic process to copper 
refining. At this time, the entire output of the copper 
mines of Butte, Montana, was shipped to Swansea in the 
form of 60°, matte, as attempts to adopt the Welsh 
process there were found to be too difficult and expensive. 
Trials were then made with the Bessemer steel converter 
to enrich the copper matte by air blowing. Rath’s U.S. 
patent of 1866 seems to be the first item on the record, 
but the process failed because the air holes at the 
bottom of the Bessemer converter became clogged with 
chilled copper, as under these conditions the pure metal 
is not oxidisable as in the steel process. Semenikow, in 
the Urals in 1867, succeeding in blowing * coarse metal ”’ 
(31°,, copper) to “ white metal ” (72-80°, copper) but 


failed to produce blister copper. One notes a British 
patent by Holloway in 1878, but it was left to French 
workers® in 1880 to make a technical and commercial 
success of the copper converter. 


Pierre Manhés commenced with a pear-shaped bottom 
blown upright converter of 440 lb. capacity and [8 
tuyeres of }in. diameter. He soon transferred ‘he 
tuyeres to the side, about 6 in. above the bottom lining, 
so that metallic copper could collect below them, and 
thus reduce the fouling of the apertures. Holes were 
eventually provided in the casing opposite to the tuyeres, 
so that the latter could be punched clear of obstructions 
by steel rods. The blowing time was about 30 minutes. 
In 1883 Manhés and David introduced the horizontal 
copper converter which is now standard, and about 1910 
the Dyblie ball valve facilitated the introduction of 
manual punching rods in the tuyeres themselves. The 
McGill Smelter, Nevada, has recently developed mechani- 
cal punchers, and similar equipment made in Britain 
under licence has been used at Mufulira in Rhodesia 
since 1950. The history of converters is not unlike that 
of armoured tanks in between the wars: Britain intro- 
duced the idea but appears to have lagged behind in its 
fullest exploitation. 


The Metallurgy of Copper 
In its simplest form, the copper converter reactions 
can be represented first by the slag-forming stage :- 
2FeS +30, —2Fe0O +280, +224 k.cal. 
«FeO + ySiO, —2FeO.y SiO, +heat 
and then by the blister-forming stage : 
Cu,S +O0,—2Cu+S0,+52 k.cal. 
According to calculations, 1°, FeS will give a theoretical 
rise of 48°C. ; in practice, the final rise of temperature 
is about 200° C. when starting with hot materials. 

The first successful U.S. copper converter based on the 
Manhés patents was installed at the Parrot smelter in 
Butte in 1884. The tuyeres entered all round the lower 
section and pointed radially towards the centre. The 
early vessels had siliceous linings which fluxed away 
during working, and we may note that the Thomas basic 
steelmaking process was developed in Wales in 1878, and 
Vautin reported experiments with basic-lined copper 
converters in 1888. It was not until the 1909 patent of 
Peirce and Smith, however, that magnesite basic 
linings were successful. They made possible the con- 
version of any grade of copper matte into refined copper 
in a relatively short space of time. The modern side- 
blown evlindrical converters are about 13 ft. in diameter 
and 30 ft. long, with air at 15 lb. /sq. in., and are worked 
by a cycle of operations, fresh additions of matte being 
made to supply heat to maintain the process at 1,250° C. 
The total time of a copper converter operation may be 
as long as 11 hours. A modified practice (1947) which 
features a prolongation of the blow to volatilise bismuth 
in Rhodesian coppers, reminds one of the “ after-blow ” 
in the basic steel process. 


The Metallurgy of Lead and Bismuth 


In the metallurgy of lead use may also be made of the 
Bessemer principle. Lead-copper-iron mattes can be 
blown so that oxides of lead and zine are volatilised into 
dense fumes which are then recovered. It is reported 
that in 1892 Résing, in Silesia, used a 6-ton basic 
converter, whilst in 1900, at Aguas Calientes, upright 
acid converters with collecting hoods and flues were 
operated with air at 16 lb./sq. in. In 1914 the process 
was worked successfully at Tooele in Utah, and since 
1927 siliceous fluxing ores have been added to modify 
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the system, and the operation is now carried out in 
basic horizontal converters. 

The “ softening” of crude lead is sometimes known 
as the “ bessemerisation ” of lead bullion. The general 
order of the selective oxidation of the impurities is 
arsenic, tin and antimony. Softening has been carried 
out in various ways, but in 1920 Dr. G. K. Williams® 
commenced the outstanding work which culminated in 
1932, at Port Pirie, Australia, in a full continuous refining 
treatment of a flow of molten lead, which is finally cast 
into ingots on Newman wheels. The theoretical aspect 
of the method is very interesting, and it is doubtless 
the steelmaker’s ambition to develop the pneumatic 
process for the rapid continuous refining, casting and 
rolling of steel. Incidentally, the recent use of the 
oxygen lance or roof jet in electric and open hearth steel 
furnaces is an application of the Bessemer principle, and 
in some ways it resembles the Williams system about to 
be described. 

The continuous lead softening process is carried out in 
a small rectangular reverberatory furnace, which may be 
heated at one end by an oil burner. A two-phase system 
of a bullion low in arsenic and antimony, together with 
an oxide slag relatively high in these components, is in 
equilibrium. To this system, a bullion containing 
0-2%, arsenic and 0-8°, antimony is pumped con- 


tinuously through the side of the furnace, whilst air at 
90 lb. /sq. in. is introduced at this point from a water- 
jacketed steel pipe running vertically through the roof 
of the furnace and terminating in a stainless steel tuyere 
4in. from the bottom of the bath. The air provides 
oxygen and agitates the metal-slag system. The supply 


is controlled at such a rate that incoming arsenic and 
antimony are oxidised, with some lead, in such propor- 
tions that more slag of the composition already existing 
in equilibrium with the bath is formed. Antimony is 
the controlling element, and there is an alternate 
oxidation and reduction of antimony and arsenic. Slag 
and softened lead bullion are withdrawn continuously 
and separately from one end of the furnace, and a state 
of dynamic equilibrium is maintained. The rate of 
oxidation is many times higher than in batch working, 
and the combustion of lead, antimony and arsenic 
provides sufficient heat to maintain the system at about 
760° C. without the use of oil fuel. Richardson has 
likened the cycle to that taking place with oxidising 
furnace gases in the open hearth steelmaking process. 
After separate desilverising of the lead, zine is then 
removed by another blowing treatment. 

As a concluding example of this type of refining, 
Powell'® mentions in the metallurgy of bismuth a 
method of concentration of the bismuth-lead alloy by 
selective oxidation of part of the lead by blowing a 
current of hot air through the liquid metal. (U.S. patent 
1,870,470.) Most of the arsenic, antimony, tin and 
copper also passes away into the lead oxide. 


The Metallurgy of Nickel 


So far, we have been chiefly concerned with the 
production of metal by bessemerisation, but there are 
processes where the pneumatic principle is used to effect 
& concentration and oxidation only. This applies to 
nicki, in which Swansea is also particularly interested, 
beea ise of the Clydach Refinery using the Mond Process. 
The arly stage of smelting nickel is the production of a 
sulp ide matte in a blast furnace, and it was in 1870 
tha’ Gibb and Gelstharp first suggested the refining of 


the matte by a blast of air. The Copper Cliff plant in 
Canada now uses fifteen converters, each 13 ft. x 35 ft., 
lined with chrome magnesite brick, and molten matte 
containing 13°, copper and nickel is charged with a flux 
of siliceous ore or sand and fine quartzite. The blow 
serves chiefly to oxidise iron sulphide, whilst the forma- 
tion of a small amount of metal is generally tolerated to 
act as a solvent for the precious metals. The Bessemer 
matte finally contains 48°, nickel and 27°, copper, and 
is subsequently treated outside the converters. 


Blast Roasting 


In a somewhat similar category we have the “ blast 
roasting or bessemer roasting for lead. The earliest 
record seems to be a process conducted in Spain by 
Rosway in 1884, using spherical vessels. The Hunting- 
ton-Heberlein process was outlined in a German patent 
of 1897, where lead sulphide and limestone were rough 
roasted in a reverberatory furnace and the hot products 
transferred to a conical vessel of about 1 ton capacity 
with a detachable hood. In the U.S.A., these developed 
into converters of about 10 tons capacity, fitted with 
trunnions and a tilting worm. A blast inlet communica- 
ted with a bottom chamber topped with an iron plate 
having 200 holes of {-} in. diameter. Blowing for about 
8 hours at a pressure of 14 0z. caused an evolution of 
heat due to the oxidation of sulphides, and the sintered 
mass was then emptied out, broken up and smelted in a 
blast furnace. Collins suggests that the net reaction can 
be represented by :— 


PbS + CaSO, +20,—PbSO, +CaS0,. 


Oxygen Enrichment of the Blast 


The availability of ‘ tonnage ’’ oxygen in modern times 
is having a profound effect upon the Bessemer steel- 
making process, and we have recently read that 
Bessemer converters are to be installed by the Steel 
Company of Wales and will use industrial oxygen. The 
enrichment or replacement of the air blast by oxygen, 
as first reported for low nitrogen steels in 1925 by 
Bruninghaus'! will probably have repercussions in non- 
ferrous metallurgy. Tonakanov' was reported in 1934 
as having obtained promising results with oxygen- 
enriched air in the copper converter, but no definite 
process resulted. A Swansea graduate, Dr. A. G. 
Robiette reports that in 1940 he refined blister copper 
in a 30 cwt. direct are furnace by air blowing after 
withdrawing the electrodes, followed by poling in the 
usual manner. The temperature dropped during 
blowing, so that cycles of blowing and poling were used, 
but the process was protracted. Robiette considers, 
however, that the chilling effect of nitrogen in the air 
could be offset by oxygen blowing, whilst the use of a 
reducing gas could replace the poling. In this way, the 
refining of copper could be carried out effectively and 
economically, under favourable conditions. 


Bessemer’s Work on Casting 


We must now leave the pneumatic processes and 
return to Bessemer’s other work in non-ferrous metal- 
lurgy. He first started to earn his living by making 
artistic castings, and when only twenty was an exhibitor 
at the Royal Academy. Soon after 1830 he was attracted 
to the reproduction in metal of natural flowers and 
other delicate subjects. These were encased in a mixture 
of powdered limestone and plaster of Paris, and when the 
mould had set it was heated to redness. Consequently 
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the flower “ pattern ”’ was burnt out and its ashes were 
extracted with a jet of water. In this way, beautiful 
castings were made in a white metal consisting of tin, 
bismuth, iron and antimony. Sometimes these were 
coated with copper by displacement from a copper 
solution, and this appears to have been an invention 
preceding by five or six years the electrolytic process of 
Jacobi, which was later perfected by Elkington, of 
Pembrey fame. 

Bessemer then worked on the “ lost wax ”’ process for 
making moulds, and in 1838 obtained what is probably 
the first patent for casting under pressure. He had 
become interested in his father’s printing trade and the 
casting of type. The point about his invention was to 
create a vacuum in the mould just as the metal was 
being injected, and this prevented defects due to air- 
blowing. Later on he obtained patents for the con- 
tinuous casting of metals, though these were not 
prosecuted to final success. 


Powder Metallurgy 


The story of the famous bronze powder is a romantic 
one. Intrigued by the high price of the material, which 
was a German monopoly, he set about making some 
himself. In a bottle it looked all right, but when applied 
to give a painted surface it lacked metallic lustre and 
was no good, About this time, he visited a friend and 
found him examining materials under a microscope. 
This led to microscopic examination of the German 
powder and his own, whereupon a significant difference 
was noted. The German material consisted of thin 
flakes, whilst Bessemer’s comprised rounded particles. 
The German metal must have been hand beaten, and as 
this was a very expensive method he set about devising 
a rolling process. The only patent covering this work 
was taken out in 1843 and entitled ‘ Certain improve- 
ments in the manufacture of bronze and other metallic 
powders.” It is said that sheets of the metal were 
rolled out into very thin leaf until | lb. of alloy covered 
850 sq. ft. Such leaf was then extended on a sieve and 
forced through it as particles by means of olive oil. The 
mixture was put into bags and the oil pressed out, after 
which the residue was allowed to crumble into a fine 
powder. 

The final process was never patented, but operated 
secretly for forty years in London. The plant was 
designed by Bessemer, and separate component parts 
were manufactured in different parts of the country and 
assembled by himself and his son-in-law and other 
relatives and friends. The method was successful and 
the price of the powder fell to one-twentieth of the 
previous cost. The Germans did all they could to find 
out details of the process and employed spies. Bessemer 
himself got oa to the track of one of these people and 
actually sold him some unsuccessful plant drawings. 
There appear to have been repercussions of this move 
later, for when Bessemer and his wife were touring 
Germany the inventor was summoned by the police, 
with a command to depart from the town of Nuremberg 
within twenty-four hours for fear of being stoned in the 
streets. 

Before leaving the powder business, mention must be 
made of some further experiments to produce metal of 
different colours by controlled oxidation. An alloy of 
30°, silver with 70°, copper was cream coloured, but 
became peacock-purple when fully oxidised. The 
oxides of molybdenum and tungsten produced other 


tints, whilst a bright ‘“ white bronze”’ was made by 
churning brass powder with tin shot. It may be said 
that Bessemer was an expert in some aspects of powder 
metallurgy. 


The Anatomy of Discovery 


Earlier in this paper I have said that Bessemer was 
groping about in the dark when engaged in trying to 
invent a new process for refining pig iron. He had not 
the training nor the data to behave in any other way in 
this field, and yet we must praise his bold and fruitful 
groping. Nowadays, by patient research we elucidate 
some principles and amass much valuable data, but 
industry clamours for the vital sparks which will touch. 
off some new conflagration analagous to the Bessemer 
process. We might be scornful of some metallurgical 
* Lucky Jim ” who hits upon some bright new idea, but 
industry would be grateful to him, nevertheless. This 
leads me to some concluding thoughts about the nature 
of invention and discovery. 

The advancement of technical knowledge is generally 
nowadays the prosecution of many experiments and the 
financing of the effort to do so. The discovery of 
duralumin and stainless steel for instance, followed a 
rather different process compared with the discovery of 
the electron, the diffraction of X-rays by crystals or the 
theory of relativity. But in all these cases special 
activities are evident. The mental processes which open 
up new scientific horizons have been discussed in recent 
years by Polanyi™ and others, and certain generalisations 
seem to emerge which may be of interest to metallurgical 
researchers. We may accept Poincaré’s view that the 
four stages of discovery are Preparation, Incubation, 
Illumination and Verification. Throughout these stages 
runs the mystery of human memory with its power of 
storing-up latent images. This was studied by St. 
Augustine in his “ Confessions,’ where he dwells upon 
the well known power of recalling a forgotten name, 
which is just on the tip of one’s tongue, and which will 
turn up very soon. Polanyi writes of the heuristic or 
discovery impulse which is analagous to our looking 
for the forgotten name or the mislaid fountain pen as 
if it were really there. We believe that it will soon 
turn up, and this peculiar effect appears to be the 
mainspring of originality. ‘* The practice of skills like- 
wise is inventive ; by concentrating our purpose on the 
achievement of success we evoke ever new capacities in 
ourselves (Polanyi). 

Now the preparation stage of discovery entails 
previous mental activity and concentration on the 
problem and its solution. Pavlov told his students : 
“Get up in the morning with your problem before you. 
Breakfast with it. Go to the laboratory with it. Eat 
your lunch with it. Keep it before you after dinner. 
Go to bed with it in your mind. Dream about it.” 
Polya also said: ‘‘ Look at the unknown. Look at the 
end. Remember your aim. Do not lose sight of what 
is required. Keep in mind what you are working for. 
Look at the unknown. Look at the conclusion.” 

After such a programme of activity, a rest period often 
acts as the time for incubation and progress. It 1s 
known that the set purpose on going to bed of wanting 
to wake up at a given hour will generally be followed by 
the required automatic action. Many executives will 
delay a decision in order to seek illumination “ by 
sleeping on the matter.” Laplace records that he would 
pass evenings of study and meditation over some h 
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problem, and that often in the morning he would awake 
to find it solved. During a rest period, or when the 
mind is occupied lightly with something quite different, 
there often comes a flash of illumination. J.J. Thompson 
in 1931 called attention to the advantage of interrupting 
serious study for this purpose. He suggested an electrical 
analogy in that when a “current of thought” flows 
uniformly there is no “induced current.” Stop it 
suddenly and there is a self-induced current of higher 
potential, and a spark is produced at the break. It was 
when Archimedes was resting in his bath that he 
suddenly cried out “‘ Eureka!” In the face of such 
evidence it seem that optimum conditions for invention 
and discovery arise among workers who are able to 
concentrate on their problem, and are free to arrange 
their own timetable so as to include periods of incubation. 
Poets appear to work in the same way. Dylan Thomas, 
for instance, wrote sixty pages of MS. as a preparation 
for his short poem “Elegy.” After the drafting 
comes the repeated trials of the lines. Then the poet 
polishes them, and leaves them and returns to them, and 
now and again the immortal line eventually appears. 
Although scientific discoveries may be made under a 
variety of circumstances, it is generally agreed that one 
of the duties of the universities is to make provision for 


New Automatic Triple Drawbench 


NEW automatic triple drawbench, capable of cold 
drawing over 10 miles of light alloy tubing every 
hour in individual lengths of up to 130 ft., has 
completed its initial trials and is now in full production 
at the Kitts Green, Birmingham, works of James Booth 
& Co., Ltd. The drawbench, believed to be the only 
one of its kind in the world, is over 250 ft. long and 
is completely controlled by only one man. 

Light alloy tubes can be produced three at a time at a 
drawing speed of 450 ft./min. When being used for 
triple drawing, the maximum tube diameter is 2 in., 
but 3 in. diameter tubes can be produced one at a time. 
The maximum finished length of the tubes is 125 ft. 
The main drive is from a 500 h.p. motor at 600/1,200 
r.p.m., giving variable draw speeds of 225 ft./min. at 
60,000 lb. and 450 ft./min. at 30,000 lb. pull. 


24-Second Operating Cycle 
When drawing is in operation, three tubes are ex- 
tracted from the magazine holding the tube stock and 
dropped into a trough immediately over the drawbench. 
By means of a pusher ram, the three tubes are pushed 
over three 100-ft. plug rods at a speed of 350 ft./min., 
and a revolving cylinder carries the plug rods and tubes 
into position opposite the drawing dies. After they have 
been pushed forward into the correct drawing position, 
the protruding edges of the tubes are held firmly, one in 
each of three pairs of grips fitted on an advancing wagon, 
So that the tubes are drawn simultaneously through the 
dies. Meanwhile, the 24-second cycle of operation is 
beins repeated—three more tubes are pushed over 
anot.er set of plug rods, and as soon as drawing is 
7 leted the wagon returns to grip the second batch 
of tides. 
T © new drawbench—which was designed and 
mai iactured by Head Wrightson & Co., Ltd., in close 
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the type of conditions already outlined. In these days 
when atomic energy is being developed, there is a vast 
amount of organisation going on to produce powerful 
and efficient reactors. But the initial discoveries behind 
the whole business were made in universities. Einstein’ 
once expressed the following view: “I do not believe 
that a great era of atomic science is to be assured by 
organising science in the way large corporations are 
organised. One can organise to apply a discovery 
already made, but not to make one. Only a free 
individual can make a discovery.” 
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co-operation with the engineers of James Booth & Co., 
Ltd.—is a further step in the overall expansion and 
modernisation of the company’s works. Less than two 
years ago they installed a 150-ton mechanical drawbench 
—the most powerful in the country—for the production 
of 17 in. diameter light alloy tubes. 


Fuel Cuts 
(Continued from page 261). 


output. Whatever may be the rights and wrongs of the 
situation in the Middle East, the country’s economic 
progress has suffered a severe setback, for, in addition to 
the disruption of industry and transport by the cuts 
already announced, the latter may be further increased 
unless we can obtain oil from the Western Hemisphere, 
presumably paid for in dollars which we can ill afford. 
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HILST aluminium conductor cables are being 

\X increasingly used by Electricity Boards and 
leading industrial concerns, because of the 
financial economy which can be effected, their general 
adoption has been somewhat retarded by the tediousness 
of the jointing technique. After considerable develop- 
ment work, Johnson & Phillips, Ltd., have recently 
introduced a new solder flux—Junal 5*—which is 
claimed to overcome the difficulties associated with 
earlier soft soldering techniques for the jointing of 
stranded aluminium conductors, and to enable completely 
solid joints to be produced without a high degree of skill. 

Among the disadvantages of earlier techniques which 
the introduction of Junal 5 has eliminated are : 

(1) The necessity to step back the end. of conductors, 

and to splay out inner wires prior to soldering. 

(2) The necessity to pre-tin conductors prior to fitting 

lugs and ferrules. 

(3) The poor penetration of solder into strand inter- 

stices. 

(4) The necessity to control the solder pot temperature 

to avoid overheating the flux. 

(5) The objectionable smell from flux fumes. 

These shortcomings in the organic types of flux for 
aluminium are very real when used on cables in the field, 
but they have had to be accepted in compliance with the 
insistence of engineers on soldering temperatures no 
higher than those absolutely necessary for copper—about 
250°C. In practice, with copper conductors, this 
temperature is frequently exceeded by a very large 
margin, and as a result some jointers experience difficulty 
when using aluminium conductors and an organic flux, 
because their metal pots are so hot as to char the flux 
and render it useless. 

It is known that for many years, continental practice 


* Patents pending. 


Insulation removed and cable ends lightly smeared with 
flux where ferrule is to be applied. 


Aluminium Conductor Cable Jointing 
New Flux Aids Soldering Operation 


on aluminium conductors has been to use much higher 
soldering temperatures than with copper, employing gas 
torch heating of the joint and other rather unattractive 
methods. These higher temperatures, however, result 
in better wetting of the strands by solder, and give 
increased area of solder penetration. 

From these considerations, experiments led to the 
evolution of Junal 5, a reactive flux which has only one 
basic requirement, in that it must be heated to 350° C. 
for a few seconds to operate. Unlike an organic flux, it 
cannot be harmed or rendered inactive by overheating ; 
in fact its action improves as the temperature is increased. 


Recommended Procedure 

J. & P. Junal 5 solder flux is supplied in paste form, 
and by its use joints into ferrules and end terminations 
can be made by a procedure almost identical with that 
employed for copper conductors, the procedure for a 
straight through joint being as follows :-— 

(1) After trimming back insulation in the normal way, 
the squared off ends of the conductors are arranged 
to butt, leaving a } in. gap between them. They 
must not touch. 

For the ferrule length the conductors are lightly 
smeared with Junal 5. A weak back ferrule is 
applied and tightened, and a Jittle flux is smeared 
along the slot and in the gap between the conduc- 
tors. 

(3) A pot of TCZ solder is heated to at least 400° C. 


(4) Using a ladle, solder is gently poured on the sides 
of the ferrule until the flux is fully molten and 
frothing. On conductors of 0-4 sq. in., this usually 
requires two applications of solder. Solder should 
not enter the ferrule at this stage if it can be 
avoided. 

(5) Solder at 400° C. or above should then be ladled 
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TCZ solder being poured on the sides of the ferrule to 
melt the flux. 
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The complete joint. 


over and into the joint to heat it as quickly as 
possible. The ladling should be repeated 4 or 5 
times until copious white fumes with little odour 
are given off, and heating must be continued until 
these are clearly seen. 

(6) The ferrule can then be tightened further if 
necessary and the joint is filled and completed in 
the normal manner, using TCZ solder. 

End sockets and other terminations are treated in a 
manner similar to copper conductors, the aluminium 
strand being smeared with flux, particularly on the butt 
end prior to its introduction into the socket. The socket 
is then heated to melt the flux, after which solder, at 
400° C. or above, is liberally ladled over and into it until 
the white fumes are given off; the joint can then be 
completed either by ladle or stick in the conventional 
manner. No attempt should be made to tin the alumin- 
ium strand prior to its introduction into a socket or 
ferrule, because the full advantages of the flux are only 
obtained when it is heated in a semi-confined space. 
When heated on freely exposed aluminium surfaces, full 
reduction is not always obtained, and a crust of oxide 


Longitudinal section through completed joint. 


may form. On the other hand, a light smear of Junal 5 
on copper or brass fittings or ferrules readily tins them 
on heating. 

The temperature requirement of 350°C. to tin the 
strand inevitably increases the risk of charring strand 
insulation, but in practice it is found that any charring 
that may occur is confined to the innermost paper, and 
that only over a portion within about 1} in. from the 
end of the joint ferrule. By trimming back insulation 
for a distance of 14-2 in., all risk of damage by over- 
heating is avoided. 

Comparative tests have already shown that joints 
made with Junal 5 are more solidly filled, and are at 
least equal to those made with the best organic flux in 
respect of conductivity and mechanical strength. In 
short term tests under damp conditions, they have 
shown themselves to be more reliable than those made 
with organic fluxes. Like all soft soldered joints on 
aluminium, however, they should be protected against 
moisture. Long term tests in hand will take many 
months to complete, but the results to date are sufficiently 
encouraging to justify a high degree of optimism. 


Enamel Adherence Study 


VIDENCE that good adherence of enamels to metals 
is largely a chemical phenomenon has been reported 
by ceramists at Battelle. Studying what makes 

porcelain enamel stick to metal, they have uncovered basic 
information that gives a more accurate understanding 
of the enamel-to-metal bond than has been available 
previously. To technologists, this development indicates 
4 process by which many more metals may be coated 
with porcelain enamels, and provides an insight into 
means for improving compositions and methods. 

B. W. King, H. P. Tripp, and W. H. Duckworth 
reported the results of their investigation at the 58th 
Annual Meeting of the American Ceramic Society in 
New York. They pointed out that previous ideas about 
ename'-metal bonding accounted for many of the facts 
know: about bonding, and determined the direction of 
many >of the studies on the subject. The new theory, 
howev r, based on experiments conducted at Battelle, 
provid's a much fuller explanation of why porcelain 
fname ; stick to metals, and suggests a new line of 
resear: attack. 
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It is believed that right at the surface of the metal, 
where the metal and the enamel come in contact, a layer 
of metal atoms combines with oxygen atoms in the 
enamel, and becomes, in effect, a part of both the metal 
and enamel structure. The metal atoms retain a strong 
attraction toward other metal atoms father down in the 
metal. Likewise, the oxygen atoms are attracted to 
other atoms farther up in the enamel. 

Most current knowledge about enamel-metal bonds 
has resulted from noting what materials and processing 
methods create good bonds. Because better bonds had 
often been achieved when the metal surface was 
roughened before enameling, it was generally believed 
that a rough surface was necessary for good bonding 
between the metal and the enamel. Institute ceramists 
demonstrated the relative unimportance of a rough 
metal surface with an experiment in which highly 
polished iron was coated with well bonded enamel, just 
by ensuring that the proper chemicals were present in 
the enamel to form the metal-oxygen layer of atoms 
between the metal and the enamel. 
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Organizing for Research 
Report on Recent Symposium 
By E. I. Brimelow, M.Eng. 


Industrial and Scientific Liaison Officer, National Physical Laboratory, D.S.1.R. Teddington. 


The recent symposium at the National Physical Laboratory provided an opportunity 

for the discussion of the guiding principles for good organization and administration 

of research activities, and of conditions likely to lead to a greater output of creative ideas, 
and to their development and application in industry. 


government departments or the universities is a 

complex and expensive business. Gone are the 
days of Faraday and Davy and those of their generation 
who were able to conduct their individual researches 
with private funds. So costly is modern scientific 
research that even the universities would be unable to 
undertake it without the aid of substantial grants from 
the Government. For the financial year 1955-56, it 
has been estimated that about £325m. or 2%, of the 
country’s gross national product was spent on research 
and development in Britain: for the year 1953, the 
equivalent of about £1,320m. (taking $2-8 to the £) was 
spent by American industry on similar work. Further, 
in recent years there has been a steady increase in 
expenditure for these purposes; at present rated at 
about 10-12%, a year in the United States. Why this 
investment in scientific research! The answer lies in 
our modern industries: the electrical, radio, and 
chemical industries had their foundations in the results 
of scientific research. Progress in electronics, aircraft 
and nuclear power is very much dependent on fundamen- 
tal and applied research. In a competitive industrial 
world, the wise direction of our research effort and the 
efficient use of the available scientific man-power is 
vital to the well-being of the country, and may well be a 
major factor in determining our status in the community 
of nations. 

Many of the factors associated with successful business 
management apply equally to the field of research 
management. There are personal factors such as the 
value of inspired leadership and good staff relations in 
providing an environment for creativity and enthusiasm 
for work ; and the related and no less important questions 
of remuneration and suitable incentives. Then there 
are problems associated with the selection of research 
projects, stopping and starting of work, the assessment 
of its progress, and cost. There are, too, considerations 
arising from the need to provide adequate facilities in 
the form of buildings and equipment. 

Some current ideas on these aspects of research organi- 
zation are now reviewed with special reference to views 
expressed at the Symposium on The Direction of Research 
Establishments, held at the National Physical Laboratory, 
Teddington, from 26th-28th September. This conference 
was attended ty 180 members and 17 countries were 
represented. The papers presented to the conference, 
together with a summary of the discussions, will be 
published by Her Majesty's Stationery Office. 


R ‘prem ‘H, as it is carried out today in industry, 


Resources and Strategy 
Considering the country’s research resources in general, 
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there are always, at any given time, more items for re- 
search than there are research workers available for their 
investigation, and it becomes increasingly important 
that we make the best use of the scientists and 
technologists we have available. This raises such quest- 
ions as the best place for the work to be done and what 
type of work should be undertaken in a particular 
research organization. Equally important is the problem 
of how to avoid overlapping of work in the various 
laboratories, whether they be in the universities, large 
industrial research organizations or government research 
establishments. The increasing complexity and speciali- 
zation of modern scientific research makes it virtually 
impossible for all the subsidiary aspects of a research 
project to be dealt with within one laboratory. PRores- 
sor J. D. Bernat! (Birkbeck College, London) stressed 
the importance of referring work to the appropriate 
specialist organizations. He considered this to be the 
raison d'etre of the Research Associations and such 
national laboratories as the National Physical Laboratory. 
The universities were regarded generally as the place for 
fundamental or basic research, and it was also accepted 
that industry should not unduly influence the research 
work they did. In industry, on the other hand, the 
emphasis was on applied research. That both could 
benefit by including in their main programme some 
selected work of the other type was an opinion expressed 
by both Prorgessor Bernat and Dr. C. G. WILLIAMS 
(“ Shell”’ Research, Ltd.). In Proressor BERNALS’ 
opinion, the national laboratories played an important 
role in a field lying between the extremes of basic and 
applied research—a field which had been called “ back- 
ground ” research. He suggested that this network of 
laboratories should provide a channel for a double flow of 
problems and ideas, with the government laboratories 
providing a common meeting ground. Regarding the 
latter, it was thought that there was a danger, in certain 
laboratories, of the staff becoming bogged down on 
relatively small pieces of research, and of spending 4 
disproportionate amount of time on them while neglec- 
ting more important items. It was considered important 
that those responsible for policy should weigh continually 
the needs of industry as regards research when deciding 
the research programme for the national laboratories. 
In this connection, it was suggested that it might not 
always be a question of stopping or finishing a particular 
piece of work, but of transferring it to a more appropriate 
organization. Good liaison between the various labora- 
tories could play an important part in ensuring 4 
continuity of worth-while projects. 

Dr. Wiis Jackson? (Director of Research and 
Education, Metropolitan Vickers Electrical Co., Ltd.) 
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stressed the importance of the teaching function of the 
universities. Research at the highest possible level in a 
teaching department could be inspiring and stimulating 
to both the teachers and the taught. For this purpose, 
research need not be in fields of immediate interest and 
direct technological significance ; and in his opinion it 
was better that it should not be so. He maintained 
further that research had only one meaning—the 
intellectual activity of researching. The outlook, 
approach and method of the true research worker was 
the same whether he were at a university or in industry, 
and he gave examples to show that in large and progres- 
sive firms with ample resources, the research work 
could be as “long term” as much university research, 
and that its leaders performed a teaching function 
towards their juniors analogous to that of the universities. 
In industry, however, research was judged not so much 
by the contribution it made to the advancement of 
scientific knowledge, important though this might be, 
as by its value in improving the firms’ products or in the 
creation of new ones. 


Optimum Size of Organization 


In his opening address Dr. G. B. B. M. SuTHERLAND 
(Director, National Physical Laboratory) remarked that 
many of the problems «rising in the direction of a research 
organization arose because of its size. The practice 
at the N.P.L. had been for divisions to break away 
from the parent organization to become separate 
establishments ; for example, the Engineering Division 
had become the Mechanical Engineering Research 
Laboratory and the Radio Division had become the 
Radio Research Station. Two new divisions had been 
created in their place, namely the Mathematics Division 
and the Control Mechanisms and Electronics Division. 
He enquired whether this procedure was a pattern which 
might usefully be followed by many other institutions. 

Comments on this problem were made by members in 
discussions at the various sessions of the conference. 
Dr. A. V. Astrn (National Bureau of Standards, Wash- 
ington) thought there was no rigorous answer to the 
question of optimum size of a research establishment, but 
he suggested as a possible answer that the establishment 
should be of the most suitable size to enable it to carry 
out the mission assigned to it. The general feeling was 
that organization and devolving of responsibilities 
became necessary when the number of senior scientific 
staff exceeded about one hundred. With smaller groups, 
the work could be carried out on a personal basis with 
fairly free communication between individuals, so that 
all the members of the staff knew what each one was 
doing. With larger numbers of staff and spread of 
buildings, it became necessary to have more formal 
organization and to follow rules which had been generally 
agreed upon as the best compromise between conflicting 
interests. 

Mr G. W. H. Garpner (Director, Royal Aircraft 
Estailishment) thought the optimum size of an establish- 
ment depended on the scope of its work, i.e., whether it 

‘oncerned with development work as weil as 
-a’ch, and on the number of branches that could be 
ned usefully. Bright ideas were more likely to 
nd be recognized as a result of the close integration 

: work of the various branches. In the case of a large 

' zation of this type, it was essential to delegate 
ity and provide efficient channels of communi- 

. The major difficulty was to prevent growth at an 
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alarming rate ; to do this it was not always necessary 
to cut down the work, but rather to find outside support. 


Selection of Research Project 


The theme that all research is chancy was developed 
by Proressor BERNAL when introducing his paper. In 
view of this, he preferred to take the bigger risks and to 
concentrate on long-term research that could potentially 
lead to innovations and new processes in industry, 
rather than those researches where less risks were 
involved and which were meant to bring about small 
and gradual improvements in existing machines and 
processes. This outlook was perhaps to be expected of 
the fundamental research worker, the industrial 
significance of whose work might not become apparent 
for many years. 

Dr. C. G. WrittaMs perhaps expressed the feelings 
of many concerned with research in industrial laboratories 
when he said that we should not belittle the results of 
detailed improvement work which had led to important 
developments in industry. Weight was given to this 
argument by Dr. Williams when he pointed out that 
there were definite limits to the rate at which radical 
improvements could be introduced, because of the large 
capital expenditure and major reorganization of per- 
sonnel which was involved. 

Dr. WILLIs Jackson? commented in his paper that 
there was always a certain amount of chance about the 
field of research which proved later to be of considerable 
technological importance. He observed that the 
interesting thing about this was that this “ chance ” 
always seemed to fall to a man of outstanding ability 
and originality. For all practical purposes the choice 
was then made by him, and, whatever the environment, 
those in administrative authority wisely did all they 
could to assist him to pursue it. Otherwise, he was 
likely to change his environment at a cost to the morale of 
the establishment which might considerably exceed the 
loss of his individual contribution. In industry, useful 
items of work resulted from discussion between engineer- 
ing and research staff. Dr. Jackson added, in discussion, 
that he thought it was the responsiblity of industry to 
extract useful items from the universities and government 
laboratories, and he further suggested that when work 
from these laboratories went into industry, the scientists 
responsible should be encouraged to go with it. 

Dr. AsTIN made reference to the use now being made 
in the U.S.A., especially by the aircraft industry, of a 
basic research unit within a research establishment, 
for work on unprogrammed and uncommitted projects, 
i.e., problems selected by the staff themselves. The 
essential requirement, in this case, was that the unit 
should be available to the rest of the staff for consultation. 


Assessment of Research 


The difficulty in assessing the value of research and 
development work is that one is not dealing with 
tangible commodities, but with new knowledge, new 
ideas and new technologies, whose immediate value it 
is not always possible to determine, although at some 
future date they might have a considerable value. 

Mr. A. H. Witson* (Managing Director of Research 
and Development, Courtaulds, Ltd.) gave three reasons 
for wishing to assess the work of an industrial laboratory. 
Firstly, to determine from a scientific point of view how 
efficiently the research has been carried out ; secondly, to 
draw up an economic balance sheet showing the relation 
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between research expenditure and the profits derived 
therefrom ; and thirdly, to decide which projects should 
be dropped and which should be continued. In presenting 
his paper, he said that he did not consider an economic 
assessment to be essential ; it was, however, important to 
ascertain to what extent the results from the laboratory 
were applied. He emphasized the need for early and con- 
tinuous assessment as the work proceeded; such an 
assessment should look to the future, bearing in mind 
considerations such as the chances of implementation 
on a commercial scale, capital costs involved in the new 
plant required, and the profitability of the operation 
in the light of market surveys. Such an assessment, 
although primarily the responsibility of the research 
director, involved the co-operation of the research workers 
themselves and the managers of other departments, 
such as those responsible for production, design and 
sales. Regarding the termination of a project, he thought 
the research workers concerned should help in the assess- 
ment and be ready to accept its consequences. Staff 
should be persuaded to drop projects in order to work on 
problems which they accepted as being of much greater 
urgency ; it was better that the impetus for this should 
come from those actually engaged on the work, rather 
than it should be imposed from above. 

Dr. Astin, in opening the discussion, felt that the 
question of assessment was of great importance. He 
recalled a paper given two years ago by Dr. RAYMOND 
Ewe tu of the National Science Foundation in which the 
economic aspects of research were emphasized, and for 
which Dr. Eweit quoted a figure of 100% dividend 
to be expected, rather than the usual 6% from ordinary 
investment. A strong correlation was given between 
the growth of an industry and the money spent by it 
on research. Both he and Dr. H. M. Stan ey (Distillers 
Co., Ltd.) felt it inadvisable to make an assessment at 
too early a stage. In judging the results of a project 
one must avoid making too hurried a decision ; assess- 
ment by outside groups or committees not in direct 
contact with the work could lead to wrong decisions. 


The Scientist—Conditions for Creative 
Work 

Basic to all successful administration is an under- 
standing of the characteristics which go to make up the 
various groups of research workers with which one is 
concerned. Prorgessor D. J. vAN LENNEP* (Professor 
of Psychology, State University of Utrecht) reported 
on research which had been going on in the Netherlands 
to enable management to use scientific people in the 
most efficient way. He had tried to answer the question 
of what kinds of people are needed in a research laboratory 
to enable it to fulfil its function, and then to consider 
how they could best be used for the various tasks. 
PROFESSOR VAN LENNEP thought it was a false notion that 
a large research laboratory should engage exclusively 
very creative people, because for the work to be progressed 
successfully there must be a large staff with other 
characteristics. For the purpose of his study, he 
identified three main groups of research workers as 
having the following characteristics. 

(i) ““ Need of achievement,” that is, a variety of 
characteristics which together enable the research 
worker to solve a problem which has been clearly 
formulated and _ identified by management, by 
applying existing and generally orthodox methods. A 
characteristic of such research workers is that they 


do not abandon their problem until by systemat : 
work they have brought it to a successful conclusio.,. 

(ii) Problem solving ability,’ was used to descrive 
a combination of qualities found in research worke:s 
who are capable of solving problems which have 
been exactly and clearly formulated by manag me:t, 
largely by original, unorthodox methods. They «are 
capable of solving problems for which a satisfactory 
solution could not be found by the usual methods. Such 
people, as would be expected, are usually swift and 
very flexible thinkers, who are able to survey data on a 
given problem at a glance. 

(iii) The term “ creativity ” was used to describe 
those qualities which enabled a research worker to 
give form and substance to a problem which has not, 
or has only vaguely, been formulated by management. 
He is capable of taking such a problem, reformulating 
it and solving it in an original way, or, at least, of 
indicating a way by which it might be solved. 
Research workers in this category are usually 
characterised by a vast richness of ideas, many of 
which appear to be practicable. 


From the results of his experiments with some groups 
of creative and less creative chemists and physicists, 
PROFESSOR VAN LENNEP concluded that the creative 
group differed significantly from the less creative group 
in the following main aspects: (@) they were less 
dependent with respect to their environment; (6) 
they were less rigid and less dogmatic ; and (c) they had 
a characteristic time perspective, that is, they perceived 
the future not as a mere repetition of the past, nor as 
completely independent of them, but as frought with 
possibilities which they themselves could help to bring 
about. 

Proressor Morris I. Strern® (University of Chicago, 
U.S.A.) reported in his paper on the results of research 
on the problem of creativity with respect to industrial 
research chemists. The survey was designed to investi- 
gate both the sociological and psychological factors 
related to creativity. Creativity, he assumed, was the 
resultant of process occuring within the individual 
and of social environment. In industry the scientist 
had several roles to fulfil—the scientist, the professional 
man, the employee and the social being— each with their 
special demands. How did environment react on a man’s 
ability to be creative ; and providing the environment 
was satisfactory, what psychological factors provided an 
impetus to creativity! Proressor STEIN sought an 
answer to questions such as these, 

ProressoR BERNAL, in his paper, had commented 
that the inventive faculty was as necessary today as 
ever, but that the nature of modern industry made it 
increasingly difficult for it to be exercised by an independ- 
ent individual. He pointed out that the history of inven- 
tion had shown that actual success depended not only on 
originality and imagination, but on knowing what to 
invent ; that is, a good knowledge of the field of require- 
ments, of the possibilities of the market, and of costs 
and prices. Even if the inventor could obtain this 
information, before the invention could reach a prototype 
stage it required development facilities which no 
individual could command. This led to a consideration 
of the group approach to research, and Dr. J. 
BronowskI (Director, Central Research Establishment, 
National Coal Board) made the point that in this country 
difficulties arose because we encouraged specialization 
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in scientific education so much more and so much 
earlier than was the case in Russia and the United 
States. Prorgessor H. A. SHEPARD (Massachusetts 
Institute of Technology) pointed out that what he 
called “ horizontal” team-working had been devised 
originally in this country, yet was now more widely 
practised in America than here. In Britain, team-work 
was falling behind because, in order to be able to work 
in a team which included many specialists, a man must 
have a wide general grasp, beyond his speciality, of what 
the other men in the team were doing. One could not 
organise such a team of equals if they were all no more 
than specialists. 

The papers by Prorgessor SHEPARD® and by Sir 
CHARLES HARINGTON’ (Director, National Institute of 
Medical Research) were concerned with the basic 
problems of organizing scientists in such a way that, 
on the one hand, they worked well and, on the other, 
that they did the work which they were asked to do. 
PRroFESSOR SHEPARD made the point that all organiza- 
tions tended to be run on military lines. By temperament, 
by habit and by outlook, he said, the scientist was 
particularly resistant to that kind of marshalling. 
During the discussion reference was made to the creativity 
of scientists in developing methods of resistance to 
authority. 

Str CHARLES HARINGTON said that, in essence, an 
establishment should be organized on a basis of mutual 
confidence, with authority kept very much in the 
background, but with counsel and advice readily 
available. There should be the minimum of formal 
rules and the maximum of intellectual freedom and inter- 
communication, so that the whole organization was held 
together by a sense of purpose and the conviction that its 
objectives were worth working for. Mr. P. E. Trier 
(Muliar:! Research Laboratory), in discussion, made the 
suggestion that it was not so important in laboratories 
that the head of the department should be a distinguished 
scientist, as that he should have another talent, that of 
acting as an interpreter of policy decisions to his own 
staff in a human and personal way. 

In summing up this session Dr. Bronowskr said 
it appeared to be that the universal concern was to get 
the best out of the staff. This reminded him of a remark 
to the effect that the most important product of the 
mine was the miner; and so one might argue that the 
most important product of the laboratory was the young 
research worker ; he was our investment for the future. 


Consideration for the Older Scientist 


Arising from the discussion, it transpired that one of 
the serious problems some directors of research had to 
face was what to do with the older scientist or, as one 
member put it, the older man who was no longer a 
leader, that is “the one time leader who has lost his 
fire,” or as another said, “the man who is no longer 
receptive to new ideas, and often has become resentful 
of them.” The limiting age for creative work was 
considered to vary; in mathematics, as early as the 
age of 25 was suggested, cut in the physical sciences, the 
age -t 40 was considered the limit. 

Sr: CuarLes Hartncton emphasized the need to 
prov je an environment in which a man could change 
fron’ the young inventor to the powerful thinker (that 
is, t. the mature man who evolved ideas) and in which 
his ne-time inventiveness was wedded to growing 
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experience. Specialists found this period of transition 
especially difficult, and he thought that outside, non- 
scientific interests could be helpful. 

In industry there were more outlets and opportunities 
for men to move on to new positions more fitting to 
their age and experience. This was more difficult in 
government laboratories and scientific organizations such 
as the National Institute for Medical Research, in which 
case, as Str CHARLES HARINGTON pointed out, there were 
only two paths open, one into the chemical industry, 
and the other into the universities. Dr. N. P. [Ne is 
(Imperial Chemical Industries, Ltd.), said that the 
changeover of staff from research to other work in the 
organization, was from 12 to 20°, per annum, in the 
various divisions of his company. Experience in the 
research department was valuable in that it gave them 
a good insight into the work of the organization, since 
part of the initial training of a research worker was to 
allow him to spend a certain amount of time in some of 
the development departments. 

The availability of suitable outlets for the older man 
had a bearing on the type of appointment that could be 
offered to him, i.e., whether it was intended to be of a 
temporary nature, or more permanent. Appointments 
in large organizations such as Imperial Chemical 
Industries, Ltd., and Unilever, Ltd., were made with the 
objective of providing permanent employment ; whereas 
the National Institute for Medical Research and the 
National Research Council, Canada, relied upon short 
term contracts. 


Incentives and Rewards 

How to encourage the scientist in his work and how 
he should be rewarded were the subjects of much 
interesting discussion. In his paper on incentives, 
Mr. Srantey Mayne® (General Secretary of the 
Institution of Professional Civil Servants) urged the need 
for higher incentives in the Civil Service. He drew 
attention to the high rate of wastage of men in Govern- 
ment Service, and quoted figures to show vhat in many 
cases these men were permanently lost to science. 

Speaking more generally of workers in laboratories, 
he said the following incentives should be used: a 
young man should have educational opportunities 
so that he could obtain higher qualifications ; he should 
be made aware of the career value of his work and 
encouraged by promotion from grade to grade; he 
should be made to feel that he was a responsible member 
of a team, and brought into consulation about the 
objectives, progress and general planning of work. For 
the higher grade scientists: greater opportunities for 
discussion with others in the same field of work by 
attendance at conferences ; sabbatical leave with pay ; 
facilities for the publication of papers and public esteem. 

Dr. W. S. Bristow (Head of Central Staff Depart- 
ment, Imperial Chemical Industries, Ltd.) summarised 
the incentives which a scientific career could offer as 
money, favourable conditions, good human relations 
(particularly good leadership in the laboratory), and 
status. 

Proressor Morris Stern thought that one of the 
greatest incentives to good scientific research, was 
freedom. Mr. O. W. Humpureys (Research Labora- 
tories, General Electric Co., Ltd.), in an earlier dis- 
cussion, had referred to the fear expressed by university 
research workers that they would lose their individual 


‘freedom when joining an industrial laboratory, and he 
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inquired what could be done to allay this fear. He 
thought it better to provide the scientist in industry 
with freedom rather than let him waste effort in fighting 
for it. Dr. A. W. StaBLerortn, (Ministry of Agriculture, 
Fisheries and Food), thought that if a scientist wanted 
to work on items of his own choice, he should be allowed 
to do so, and given support. He suggested that about 
one third of his time might be devoted to doing research 
of this kind. In his organization, they had what 
was called a “* wild ideas ” meeting, in which members of 
the staff were free to express their ideas without being 
subjected to heavy criticism. 

Proressor BERNAL, during the discussion drew 
attention to the need for distinguishing between the 
necessary conditions for good work and true incentives. 
He pointed out that what Mr. E. McCrensky (Office 
of Naval Research, Washington) had called “ fringe 
benefits,”” such as the deferment of National Service, 
special pensions and insurance, and the option of 
buying company shares, had now become incentives to 
a career in science, 

Dr. BronowskI, summarizing this discussion, felt 
that the only incentive in which there was a wide 
agreement was status—particularly status among fellow 
scientists. The discussion had clearly brought out the 
facts that science was a human and not a mechanical 
activity ; that it offered at all stages an exciting and an 
exacting career; and that, as Mr. Mayne had shown, 
the opportunity to enter it was a major incentive to 
young minds. 


Harmful Effect of National Service 

During the conference, there were some outspoken 
comments on the effect of National Service, both as 

regards the recruitment of scientific staff and its effect on 
the scientists themselves. Mr. F. E. A. Tompson 
(British Petroleum Co., Ltd.,) said that many young 
graduates wished to avoid it and, for this reason, 
many sought employment in the United States. It had 
been estimated that 10°, of the men holding D.S.I.R. 
grants were lost to this country in this way. 

Mr. P. E. Trier referred to the harmful effect in his 
organization resulting from some jobs carrying deferment 
and others not ; this had the effect of certain members 
of the staff being kept on work carrying deferment when 
they should be doing other work which would give them 
wider experience. He thought that all honours graduates 
should be exempt from National Service. If this were 
not possible, there should be uniform regulations by 
which deferment could be granted. He advised young 
men who had to do National Service that it was better 
they did so before going to university because if it came 
after leaving the university, his firm would consider them 
to have lost the particular kind of zest and interest in 
work which they liked to see in their new recruits. 

Dr. Bronowski added that, in his view, the whole 
system of National Service for scientists was unworkable 
and inefficient. There was much evidence that scientists 
were the last people to send to National Service. In view 
of the great shortage of science teachers, he thought that 
the best form of national service for scientists would be 
for them to spend a certain time teaching science in 


schools, 


Laboratory Administration 
Mr. E. 8. Hiscocks® (Secretary, National Physical 
Laboratory) to whom much credit is due for suggesting 


and organizing the Symposium, referred to the compar». 
tive newness of this form of administration. The centr.| 
problem in research organizations was to maintain t)\e 
individuality of the scientist, upon which the creativencss 
of the laboratory depended, and yet at the same time 
incorporate him into a highly organized system. Many 
of the major problems facing the laboratory admini- 
strator were the result of the change in magnitude 
of scientific research ; for example, there were problems 
of staff relations and selection of staff ; the development 
of formal patterns of work based on functions rather 
than personalities ; and responsibilities associated with 
large-scale capital equipment. In addition, there were 
problems resulting from the peculiar nature of scientific 
work as an activity of the mind. Underlying any 
administrative function must be the awareness that the 
business of a scientific establishment was to achieve 
products of scientific thought, and the spearhead of 
such activity was formed by the scientists themselves. 
The emphasis, he maintained should be on organization 
as a service aiding the output of ideas. 

The criticism was made during the discussion that 
genius could not and probably ought not to be organized. 
There was however, a fair consensus of opinion that, in 
general, we were not dealing with genius; creative 
research workers probably accounted for only about 5°% 
of the staff in a laboratory. Good organization had a 
valuable part to play in easing the work of the other 
95°, straightforward hardworking scientists. 

Ways in which good administration could help 
scientists were suggested by Mr. Hiscocks. He was in 
favour of encouraging the scientist to shed the less 
skilled part of his work so that he could devote more time 
to more creative work, or those aspects of his work 
that he alone could do. This was not an easy matter 
for, by nature, as a result of his training, he was reluctant 
to devolve responsibility and wanted to do everything 
himself. To this end, central workshops and photo- 
graphic facilitie. could be provided ; information and 
library services helped to keep him up to date with 
literature on his subject and reduced the time spent 
searching for it ; and routine testing and data handling 
could be dealt with by specially trained staff using the 
most efficient machines for the purpose. 

Just how far one could go in the division of labour 
was the subject of much discussion. PRoressor Dr. 
A. Scurese (Vice-President, Physikalisch-Technische 
Bundesanstalt, Braunschweig) put in a plea for the 
scientist who likes to do something himself—he thought 
the play-element in a scientist was good for the scientist 
and for science. This applied also to workshops, and it 
was generally thought that it was a good thing that, in 
addition to central workshops, there should be small 
workshops for scientists and their assistants to make up 
their own apparatus and novel pieces of equipment, 
even if the “string and sealing wax” technique were 
used. The subject of workshops was discussed in more 
detail in the paper by Prorgssor Dr. R. Viewsee'’ 
(President, Physikalisch- Technische Bundesanstalt, 
Braunschweig.) 

The need in modern research for large expensive 
equipment such as wind tunnels, ship-testing tanks, high 
speed automatic computers, cyclotrons and atomic piles 

brought operational and maintenance problems, and 
in some cases the need for organizing shift work to ensure 
an adequate return for the large capital outlay involved. 
The criticism was made that such equipment tended 
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more and more to dictate the programme of research 
done in the laboratory using it. 


Budgets and Administrative Controls 


In the view of Mr. D. R. Wittson™ (Technical 
Secretary, Atomic Energy Research Establishment, 
Harwell) budgets and administrative controls, however 
distasteful to the scientist, were as essential in a large 
research organization as in any other concern. He made 
the important point that, in budget preparation, just 
as much as in the operation of expenditure control, it 
was vital to get the scientists to take a full share of 
responsibility. In the ensuing discussion, there was a 
strong feeling that staff at all levels should be cost-con- 
scious and aware of what his facilities cost. It was 
generally considered harmful for the external financial 
authority to exert a rigid control on the research pro- 
gramme. There was some criticism from Mr. R. M. 
WrnTER (Imperial Chemical Industries, Ltd.) as to how 
closely a budget should be linked in detail with the items 
of research. He advocated research managers having 
freedom—within the amount budgeted for—to adjust 
expenditure on each item in order to allow for changes of 
emphasis as the work proceeded. Another member drew 
attention to the need for cost accounting in the case of 
sponsored research. The difficulties of accounting strictly 
within the financial year, particularly on capital expendi- 
ture, were also discussed. 

Mr. WILLSON made the point in his paper that an 
organization must recognise the budgetary limitations, 
legal requirements and any other limitations set by the 
organization furnishing the money. However, he warned 
that external constraints, imposed for their own con- 
venience by individuals or groups not understanding 
the basic requirements for successful research, could 
have a harmful effect on the work of a laboratory. A 
similar effect could arise internally from the actions of 
the research director and his senior staff. Research 
laboratories were run primarily on keenness and enthu- 
siasm—easily destroyed, not so easily revived. A basic 
requirement for good administration was to ensure 
that the research staff felt that their problems were 
understood, even though it might not always be possible 
to meet their wishes. A method used successfully at 
Harwell was to invite the more senior scientists to meet- 
ings devoted to administrative matters, and where 
administrative procedures could be constantly reviewed. 
Any proposed new instructions would be presented in 
draft form at these meetings, to test reactions and allow 
for discussion before they were generally issued. Without 
competent administration, the scientists would not 
have the right atmosphere, the right conditions, and the 
right facilities to do the essential work for which the 
laboratory existed. 


Buildings for Research 

The design and provision of buildings required for 
research was the subject of papers by Dr. F. M. A. 
Lea'* (Director, Building Research Station, D.S.I.R.) 
and Mr. H. A. Snow'® (Superintending Architect, 
Mini-try of Works). These papers were complementary 
and ‘0 a certain extent overlapped, but together formed a 
usefi| guide for the provision of laboratory buildings. 
Dr. ' xa had a number of useful suggestions for directors 
of re-earch preparing a brief or statement of require- 
men’. for the architect. He stressed the importance of 


plan: ing not only for immediate requirements, but to which research management could play at the peak of 
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allow for future development. This meant looking 
to the future and anticipating the growth of the work. 
The extent of this growth would vary from one organi- 
zation to another ; the mature organization, for example, 
would not be expected to develop as rapidly as a new 
establishment. Another important consideration was 
what one might term the flow of the work, since this 
might have a considerable influence on site layout 
and the disposition of the various buildings in relation 
to integration of the work done in them. He advised 
against starting with too small a site ; also there were ad- 
vantages to be gained by allowing, as far as it was econo- 
mically permissible, for a certain amount of flexibility as 
regards division of the space and provision of services, 
to allow for rearrangement of offices and laboratories 
within the building. Mr. Snow was also in favour of a 
master development plan, but stressed the need for 
economy in building, because of rising costs. It was 
easy for the architect to be blinded by the scientists’ 
requirements ; very often these could be met by very 
different types of buildings from those initially envisaged, 
and with considerable economies. The need for such 
items as overhead cranes and special services, such as 
pressurised air and inert gas supplies, needed to be 
considered carefully, taking into account the additional 
cost involved. It should be the responsibility of the 
architect to suggest alternative schemes, leading to 
economies, for the consideration of his clients. 

Questions raised during the discussion included whether 
or not it was possible to standardize in certain aspects of 
building laboratories, as in the case of a general purpose 
laboratory, and the possibilities of adopting a standard 
dimensional module for this type of building. Problems 
associated with the heating, lighting and ventilation of 
research buildings were also discussed. The type of 
work catered for had an important bearing on design, 
and useful details of various types of laboratories were 
given by the directors present. 


Communications 
Dr. A. Kino, (Head of Intelligence Division, D.S.I.R.) 
who was chairman of the session on communication, 
summarized the many aspects of communication 
required by science and its application as follows :— 

(i) As it affected the individual research worker : 
that is, how he obtained his background knowledge, 
put across his ideas to others, and so forth. 

(ii) As it affected inter-staff and _ inter-group 
relations within a research organization: it was 
suggested that unless suitable arrangements were 
made for communications there might be unhealthy 
insulation. 

(iii) As it affected the practical application of the 
results of research: this problem of communication, 
although easy for a large organization where there was 
close contact between engineers and scientists, was 
more difficult with the small firms. It also raised the 
problem, once the information was inside a firm, of 
how it was progressed before it became part of 
production. 

(iv) As it affected the public at large : the populari- 
zation of science was a much more complex problem 
than it was normally thought to be. 


Dr. C. G. Writ1aMs" referred to the important part 
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the organizational pyramid in disseminating incoming 
information resulting from contact with the outside 
world at all levels. He suggested that the passing on of 
information obtained as a result of these outside contacts 
to colleagues who might be interested should become 
second nature to research workers. The extent to which 
knowledge was passed on by personal contact might well 
be a measure of the health of a research organization, 
just as freedom from arterial obstruction might well 
indicate the state of health of a living organism. Besides 
“ horizontal” communication of this kind, “ vertical ” 
communication was also equally important, and it should 
operate both upwards and downwards. Without 
keeping in close contact with staff on day-to-day 
developments of the work, and how they were thinking 
about particular problems, the director and group leaders 
would have difficulty in planning aright for future 
research. 

Much good could come from informal talks which 
research managers had during visits to research workers 
in their own offices or laboratories. On the question of 
size of group in relation to formal methods of communica- 
tion, it was suggested that if the latter were required, 
it was better that the groups should be split up and the 
work dealt with in smaller groups. 


Dr. A. T. Green (Director) and Dr. A. E. Dopp 
(Information Officer, British Ceramic Research Associa- 
tion) provided a most useful account of how a small 
research association could succeed in putting over, in 
an efficient and practical manner, its results to the 
industry it served. This was done by several methods : 
reports simply written, scientific papers, visits by tech- 
nical liaison officers, demonstrations, technical com- 
mittees and so forth, all of which appeared to be 
most suitable and practical for an organization of that 
type and size. 

Mr. A. J. Garratt!® (Liaison Officer) described the 
liaison service in operation at the National Physical 
Laboratory. In this case the approach was similar, but 
the source of information was somewhat different, 
in so far as here was a large laboratory dealing with many 
subjects and serving industry in general, rather than 
any particular well-defined section. It was generally 
found, however, that the number of firms likely to be 
interested in a particular idea or development could 
be ascertained readily. The problem of serving industry 
in general with the broad information issuing from a 
comprehensive laboratory, such as the N.P.L., was 
recognized, however, as being more difficult. Both 
from the papers and the discussion it appeared to be 
recognized that the field liaison officer is perhaps the 
most practical means of disseminating information to a 
firm. By this method of approach the best attention 
is secured and the chances of a new idea being accepted 
are at a maximum, providing economic, social and other 
circumstances are in its favour. When management 
has been interested, the written word then becomes 
useful in providing the detailed follow-up information. 


Mr. Lewis Moss and Mr. L. T. Wiikrys"’ (Central 
Office of Information) gave an account of a survey to 
ascertain the attitude of individual scientists and 
technologists in industry to communication problems, 
and in particular to scientific literature. Attention was 
drawn to sources of information in smaller firms in the 
electrical and electronic industry, and an interesting 
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conclusion was that on an average only about five of tiie 
numerous journals printed were read. 


During the discussion which followed, the printed word 
as a method of communication, came in for vigorous 
attack. It was said that too many journals were now 
appearing, that too many new journals had been 
published since the war, and that their motivation was 
directly commercial, as evidenced by the amount of 
space devoted to advertisements which led to un- 
necessary reading. 


It was agreed that the mass of material appearing in 
scientific and even technical papers bore little relation to 
the real needs of the smaller firms with few if any 
technical staff, and that the literature, even when well 
scanned, had little immediate practical value to these 
firms. There was, however, it was felt, a need for 
critical reviews and the writing up of practical ideas. 


There was much discussion, for and against, with 
regard to the popularization of science and research 
results. Some doubted the value of the popular press as 
a suitable medium, while others held the view that any 
publicity was better than no publicity. In summing up, 
Dr. KinG said that he was personally surprised at the 
general acceptance of the limitation of the written word, 
especially as the machinery of communication in science 
still relied almost exclusively on it. There was no 
depreciation of the printed communication when 
really detailed information was necessary, but never- 
theless there appeared to be a feeling throughout the 
discussion that we were relying too much on paper, the 
sheer bulk of which tended to discredit and conceal the 
value of the individual printed item. 


Conclusions 


The usefulness of a symposium such as reported here, 
which is thought to be the first of its kind held in Europe, 
is that it brings into the open current ideas regarding the 
guiding principles for good organization and administra- 
tion of research, and highlights those aspects which are 
likely to provide healthier climate for successful research, 
that is, successful as regards output of creative ideas, 
their development, and their application. 


In his summing-up at the final session, Dr. H. W. 
MELVILLE (Secretary, D.S.I.R.) drew attention to the 
large measure of agreement among those taking part in 
the discussions and, as he suggested, perhaps one of the 
chief benefits arising from the symposium would be for 
those present to propagate the lessons to others. 
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Electrical Equipment for a High-Speed 
Tandem Cold Strip Mill 


B.T.H. Installation at Velindre 


commissioned at the Velindre works of the Steel 

Company of Wales, Ltd., electrical equipment for 
the main drives and control of a 5-stand tandem cold 
reduction mill manufactured by Davy and United 
ingineering Co., Ltd. The consulting engineers for the 
electrical equipment were McLellan & Partners. 

The mill will roll steel strip to tinplate gauges at speeds 
up to 5,000 f.p.m. (or nearly a mile a minute.) The stand 
work rolls are 21 in. in diameter, 42 in. long, with back- 
up rolls 53 in. in diameter. The tension reel has a 
diameter of 20 in., building up to a maximum of 72 in. 
with a finished coil which may weigh up to 36,000 Ib., 
and consist of as much as 6 miles of material. 

The electric equipment supplied incorporates many 
features resulting from extensive experience of the 
design and installation of steelworks drives. In partic- 
ular, the machine circuit arrangement and the stand 
control scheme have been well proved in an earlier 
B.T.H. installation at the Steel Company of Wales’ 
Trostre works, where the weekly output from the 5-stand 
tandem cold mill regularly exceeds the designed figure. 
Detailed improvements in the equipment and control 
scheme have also been made, such as the reduction in 
the number of small rotating machines brought about by 
the introduction of magnestats as amplifying and 
regulating units, the use of high-speed circuit-breakers, 
and the inherent automatic adjustment of speed droop 
between running and threading speeds. 

Generators grouped in two sets, each driven by a 
9,000-h.p. 11-kV. synchronous motor, supply the D.C. 
motors for the five stands and the tension reel. Each 
stand motor drives the bottom work roll direct and the 
top roll through a pinion ; the reel motor drives the reel 
mandrel direct. Mill speed is regulated by armature 
voltage control, and relative stand speeds are adjusted 
by armature voltage and field control. The motor- 
generator sets, mill motors and exciters, and other 
auxiliary machines are located in a motor room beside 
the mill, together with the supervisory panel mounting 
controls and instruments necessary for efficient operation 
of the drive. In a control room above the motor room 
are contactor control boards, cubicle-mounted magnestats 
(maynetic amplifiers), selsyn-operated control rheostats, 
the alarm indicating cubicle, and a further supervisory 
pane! controlling synchronous motor excitation. The 
D.C. line panels for the stand and reel motors, and for the 
synchronous motor exciters, are located in the basement 
adjaent to the motor-generator set foundations. 


‘T= British Thomson-Houston Co., Ltd., recently 


Motors and Generators 


T + stand and reel motors are compound-wound 
mac ‘nes with off-set pole face compensating windings 
to ¢ -e added stability. The load regulation curve of 
the  otors is substantially linear from zero to 1-5 times 
full 1ad—a feature which is important for satisfactory 
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Fig. 1.—-View of rolling mill showing the control cabinets. 


control of mills of this kind. The motors are capable 
of running at 1-25 times full load for two hours and 
frequent working peaks of twice full load. They are 
specially designed to withstand the suddenly-applied 
loads and accelerating currents encountered during 
rolling. In order to keep accelerating currents and 
differences in referred inertia between stands as low as 
possible, armature inertia must be kept down, and 
multi-armature motors are therefore used for stands 2 to 
5 and the reel, each armature having a greater ratio of 
core length to core diameter than is usual on conventional 
D.C. motors. The stand motors have low-inertia drum 
construction armature spiders, while the reel motor, 
which has a relatively small armature diameter, has the 
four armature keys welded directly on to the shaft. 

Each mill motor has a tacho-generator and a mechan- 
ical overspeed device driven through a special gearbox 
and coupling from the non-drive end of each mill motor. 
Speed indicators fed from the tacho-generator are 
mounted on the mill cabinets and supervisory panel. 
The speeds and powers of the stand and reel motors are 
tabulated below. 


No. of Total Output Mill 

Armatures h.p. r.p.m. f.p.m. 
Stand | 1 1,750 90/255 345/1,400 
Stand 2 2 3,500 125/304 480/1,670 
Stand 3 2 3,500 200/445 770/2,440 
Stand 4 2 4,000 350/645 1,340/3,550 
Stand 5 3 5,500 500/910 1,920 /5,000 
Reel .. 2 900 233/955 


Each stand motor armature is supplied by a 1,600-kW., 
600-volt generator. One 731-kW., 650-volt generator 
supplies the double-armature reel motor. An alternate 
series connection of generator and motor armatures is 
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Fig. 2.—-Diagram of mill speed control circuit. 


used for multi-armature stand motors giving inherent 
current sharing between the machines. In addition, the 
voltage across any part of the circuit does not exceed 
that required by one armature, even under fault condi- 
tions. The individual generator system makes possible 
a wide speed range on each stand by means of voltage 
variation of the stand generator group in addition to the 
normal field control range. It also simplifies load 
compensation adjustment and reduces the fault capacity 
of the busbar system. 

Provision is made for interruption of the motor 
armature circuits in an emergency by means of high- 
speed circuit-breakers, which are capable of contactor 
duty on this type of application and therefore make 
separate line contactors unnecessary. Dynamic braking 
contactors are used to connect resistances across the 
motor armatures for emergency stopping. 

The circuit-breakers are tripped by either high-set 
instantaneous overload relays, to deal with sudden severe 
mechanical overloads, or high-speed relays responding to 
rate of rise of armature current, to 
take care of electrical faults. Sus- ~7 
tained working overloads are pre- 
vented by low set overload relays 
with time-delays which, when they 
trip, bring about a_ controlled 
regenerative stop. The operation | 
of an electrical or mechanical over- 
speed device will also stop the mill 
by regenerative braking. A con- 
trolled regenerative stop will bring <r — 
the mill to rest in the minimum .. 
possible time from any speed, by 
allowing the maximum permissible 
regenerative current throughout the 
stopping period. | | 

With the mill at rest, any stand are = 
motor can be isolated by the mill | | 


| 
operators by means of the stand t-' 
selector switch on the stand control wantin CONTROL 
cabinet. This opens the line circuit- CIRCUIT eD 


breaker. Complete isolation of any 
armature is made possible by hand- 


An auxiliary motor-generator set 
—— and control panel and a mobil 
control desk are provided in th: 
motor room for barring the main 
machines round when necessary for 
commutator and slipring turning at 
any pre-set speed. 


Control Equipment 
Synchronous Motor Control 


The synchronous motors driving 
| the motor-generator sets are designed 
for reactor starting, but they can 
be started direct on line if necessary. 
specially-designed squirrel-cage 
winding ensures that peak line 
currents on direct line starting are 
relatively low. Starting of the 
motor-generator sets can be com- 
pletely automatic once the line 
circuit-breaker has been closed. 
After the motor has synchronised, B.T.H. magnestat 
control of its excitation maintains either constant 
power factor or constant reactive kVA. 

A 230-volt D.C. supply is provided by a constant volt- 
age exciter, but a standby shop supply can be switched 
in by a change-over switch. 

Mill Speed Control 

Fig. 2 is a simplified diagram of the mill speed controls. 
The speed of the whole mill is raised by increasing the 
voltage of all the generators in unison. Each generator 
main field consists of two windings, one supplied by an 
individual generator field magnestat GF'.M, and the other 
supplied by the generator exciter GZ, common to all 
generators. GE field voltage is controlled by the master 
rheostat MR. A mill reference voltage, also controlled 
by the master rheostat, is set up by a master pilot exciter 
MP. The master pilot exciter supplies the reference 
voltage dials of the stand speed rheostats, so that all 
stand reference voltages vary with mill reference voltage. 

The variable speeds required for rolling duties—thread, 
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operated isolating switches in the 
armature loop circuit, 


284 


Fig. 


3.—Diagram of tension reel control circuit. 
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high-thread, and run—are pre-set on small setting 
rheostats as reference voltages which affect the position 
of the master rheostat, and hence the mill reference 
voltage. 

Control of the mill from the mill cabinets is effected by 
Thread, High-Thread, Run, Hold, and Stop push buttons. 
In addition, mill speed can be controlled by Raise and 
Lower push buttons, which accelerate or retard the mill 
at a reduced rate while they are held in. 


Stand Control 


Individual stand generator voltage is controlled by the 
generator regulating magnestat GRM, which regulates 
generator voltage to correspond to mill reference voltage 
as modified by the stand speed rheostat. Any difference 
between stand generator voltage and the reference volt- 
age causes current to flow in the regulating magnestat 
(GRM) control winding, exciting the generator main field 
through the field magnestat (GFM), to correct the 
difference. Some voltage difference must exist to main- 
tain excitation, but the amplification of the voltage- 
regulating loop is such that the generator voltage always 
corresponds closely to the reference voltage. 

Motor speed varies with the load current because of 
armature resistance. Load compensation is therefore 
introduced to maintain the stand speed relationship 
within definite limits, in spite of varying load, by 
increasing the stand generator voltage by an amount 
proportional to motor armature load current. This is 
achieved by connecting a current control winding on 
GRM to a circuit fed from the voltage drop across the 
generator compole and compensating winding. The 
voltage thus introduced into GRM current control 
winding can be varied by means of a load compensation 
rheostat on the stand control cabinet. 

The speed droop due to load is a much greater propor- 
tion of actual speed when threading than when running. 
In order to keep the ratio of these proportions within 
acceptable limits, a judicious blending of motor com- 
pounding and load compensation is adopted, the degree 
of compounding being adjusted automatically so as to 
have the same effect at all speed settings of the motors. 


Reel Control 


Constant tension must be maintained in the strip 
between stand 5 and the reel, in order to build up the 


Fig 4.—Contactor room showing on the right the main 
cor actor control panel for the rolling mill drive, and on 
the left the magnestat regulator cubicles. 
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Fig. 5.—General view of motor room, showing motors for 
stands 1-5, two 7-unit motor-generator sets, and the 
exciter sets. 


finished coil evenly, and to keep the gauge uniform. 
With constant strip speed, the reel motor must slow 
down as the coil diameter increases, the necessary 
range of speed being obtained by field control, which 
will allow for the increase from the 20 in. diameter of the 
reel mandrel to a maximum finished diameter of 72 in. 

The underlying principle of the tension regulating 
system is that electric power (volts x amperes) is 
approximately proportional to mechanical power (speed 

x tension). By making the reel motor proportional to 
speed and keeping current constant, tension can be 
held at a definite value. 

Referring to Fig. 3, a voltage proportional to reel 
motor e.m.f. is compared with the output voltage of 
No. 5 tacho-generator, which corresponds to strip speed. 
As the coil builds up, the reel motor slows down and its 
armature e.m.f. decreases. The resulting difference 
between the two voltages causes a current to flow in a 
magnestat VSM, the output of which operates the reel 
rheostat to regulate the supply to the reel motor field. A 
current winding on VSM compensates for any difference 
between terminal voltage and motor e.m.f. on load. As 
the magnestat is non-reversing, the reel rheostat can 
only move in a direction to strengthen the motor field. 
The position of the rheostat is always a function of coil 
diameter. 

A current regulating magnestat CRM compares the 
voltage drop across a shunt in the armature circuit of the 
reel motor with a reference set on the tension rheostat 
while the mill is operating. Any difference in excitation 
causes a current to flow in the reel generator regulating 
magnestat GRMR, adjusting the generator field, and 
hence armature voltage, by means of the generator 
field magnestat GF MR to correct the error. When the 
mill is stationary, the reference excitation for CRM is 
taken from a stalled tension rheostat (not shown). An 
inertia compensation winding on CRM modifies the 
current reference to maintain tension substantially 
constant during acceleration and retardation. 

If the strip should break, tension will be lost and the 
motor will accelerate in an attempt to maintain its 
armature current. A speed limit magnestat SLM is 
excited from the same sources—e.m.f. and speed—as 
VSM. Under normal conditions, SLM is cut off and 
VSM operates, When the motor accelerates, the e.m.f. 
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signal exceeds the speed signal, VSM cuts off and SLM 
comes into action, supplying a winding of the current 
regulating magnestat to hold the reel motor speed to safe 
limits. 

Each regulating system is stabilised to prevent 
hunting and to give the best transient response, by the 
introduction of transformer feedback from suitable 
points in the circuits into the magnestat fields. 


Ventilation and Lubrication 


The main machines are cooled by a re-circulating air 
system. A common plenum is maintained in the motor 
room basement by a make-up air system. 

In the case of the motors, air is drawn from the 
basement by four fans (a fifth being provided as a 
standby), into a chamber in the motor foundations. 
From there it passes up through air passages formed in the 
concrete and past the mezzanine floor to the motors, the 
relative quantities being adjusted by louvred dampers. 
Hot air from the motors passes down into the space 
above the mezzanine floor, from which it is taken by air 
passages between the machines to coolers, and thence to 
the basement. 

Four fans provide cooling air for the generators, two 
for each motor-generator set, and each fan is capable of 
feeding either or both. Hot air from the generators is 
discharged into air passages and back to the common 


plenum through coolers on the side of the motor-generator 
set foundation blocks. 

For motors and generators, the cooling air enters th 
machines at the drive end and leaves at the commutator 
end. The commutators are open to the motor room, so 
that access to the brush-gear is easy, and commutator 
dust is prevented from fouling the re-circulating air. The 
small amount of air lost through the commutator seals is 
replaced by a separate make-up fan and filter supplying 
clean air to the plenum. 

The synchronous motors are self-ventilated by their 
rotor fans, which draw air from the plenum and return it 
through individual coolers. 

A pressure-regulated flood lubrication system feeds 
oil to the motor and motor-generator set bearings, 
which are ring-oiled. An electrically-driven pump, which 
can be controlled either from the motor room super- 
visory panel or by push buttons in the oil cellar, pumps 
oil from the storage tank below the motor room, through 
strainers, to a double-unit cooler. From the cooler, the 
oil flows along three pipe-lines, one for each motor- 
generator set and one for the motors, through regulating 
valves into the bearings. Flow indicating equipment is 
provided on each bearing. The oil then passes into a 
drain and through strainers back to the storage tank 
under gravity. A standby pump is provided, the operator 
choosing which pump is to be used by a switch on the 
panel. The storage tank is fitted with temperature 
indicating and alarm equipment. 


Welding Repair of Cogging Roll 


long in service at the Scunthorpe works of 

Messrs. Richard Thomas and Baldwins, Ltd., 
was found to have a badly fractured splined end, 
it was decided to seek the advice of Quasi-Are, Ltd., 
of Bilston, Staffs. Owing to the considerable capital 
cost of a new roll (over £1,600), and the fact that the 
delay in obtaining one would mean a lengthy hold-up 
in steel production, it was felt that a welding repair 
should be attempted. After examination of the 
broken face and the surrounding metal, it was 
decided to remove the parent metal three inches below 
the fracture line to ensure complete removal of any 
flaws, cracks or fatigued metal which could have 
contributed to a second failure. 

The rolls are cast steel and, apart from the rather 
high carbon content and the chromium which, with the 
chilling effect of the large mass of metal, causes hardening 
and the possibility of cracking, there is a fair amount 
of sulphur. To solve these problems, special electrodes 
and welding techniques had to be used, and Low 
Hydrogen 35 electrodes were chosen for their high 
resistance to cracking and immunity from sulphur 
pick-up. 

The roll end was slowly preheated to a temperature 
of 350° C., the remainder of the roll being well covered 
and protected to retain the heat. Welding was begun 
with in. diameter electrodes which, were also pre- 
heated to avoid any possibility of dampness in the 
coating, resulting in hydrogen embrittlement of the weld 
metal. All runs were deposited with a longitudinal 
step-back procedure, each run being lightly peened. The 
very large amount of weld metal was deposited in three 


Wi EN a 20-ton cogging roll, which had not been 


distinct stages. Complete stress relief treatment up to 
650° C. was given at the end of each stage, followed by 
controlled cooling back to 350° C. for further welding. 
After the final stress-relief, the temperature was gradually 
dropped to atmospheric. Further examination revealed 
no further flaws, cracks or other defects, either in the 
weld or the parent metal adjacent to it, and the splined 
faces were then machined and a hard final layer applied 
with Duroid electrodes. 

The roll has since rolled over a hundred thousand tons 
of ingots. Similar fractures have been treated in the 
same way, and this method of repair, which was intro- 
duced as an emergency measure, is now well established 
at the steel plant. 
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Annealing Motor 
Laminations 


Application of 
Electric Radiant Tube 
Roller Hearth 


Conveyor Furnace 


punchings which form the stator and rotor ele- 
ments of electric motors require a special sub- 
critical annealing treatment. In connection with the 
manufacture of fractional horse power motors at the 
Cambuslang works of Hoover (Electric Motors), Ltd., 
an interesting new Birlec electric roller hearth furnace 
for this treatment has recently been commissioned. 


Fe: optimum magnetic properties, the thin steel 


The Annealing Process 


The annealing process consists of heating the steel at 
a sub-critical temperature such that all macro and micro 
strains are removed, followed by slow cooling so that the 
metal is virtually stable and strain-free at room tem- 
perature. Within wide limits, the rate of cooling from 
the annealing temperature does not immediately affect 
the iron loss, but it is necessary that the cooling rate 
should be sufficiently slow to allow the precipitation of 
various impurities (carbon, oxygen, nitrogen). Slow 
precipitation at a later date can cause a serious increase 
in iron loss in the motor. Since the temperature of 
annealing must be in the region of 800° C., provision for 
protecting the steel from oxidation is necessary until the 
temperature has dropped to 300/400°C. Controlled 
oxidation to a dark blue film may take place either 


during annealing or by exposure to air on discharging 
from the furnace. 


Annealing Cycle 


The following heat treatment cycle was formulated 
after considering the factors mentioned above. 

(a) Heat to 750-800° C. 

() Soak for not less than one hour. 

(ec — cool to 600° C., at not more than 25° C. per 

our. 
(¢ Fast cool to 350-400°C. and discharge to 
atmosphere. 

I ring stages (a), (6) and (c), laminations to remain 

brig t by protection with a “ neutral ” gas atmosphere. 
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Discharge end of an electrically driven roller hearth conveyor 
furna 


ce with radiant tube heating of 280 kW. rating. 


Type of Furnace 


Batch and continuous types of furnace were considered. 
A batch furnace for this operation suggested the bell 
type furnace, in which the load is built up on a hearth 
and covered with the bell which is, effectively, the 
furnace. In the continuous furnace, the work is passed 
through a tunnel, sections of which are held at the re- 
quired temperatures as dictated by the cycle. Once 
constructed, the latitude for variations of cycle is limited 
and a very long cycle would lead to a proportionately 
long tunnel for a given output. For a mass production 
factory however, the choice naturally led to the contin- 
uous type of furnace, especially since the floor space 
occupied is much less than for a batch furnace installa- 
tion capable of the same output. 

The furnace has been installed and commissioned 
recently by Birlec, Ltd. It is a roller hearth furnace 
rated at 280 kW., and is capable of an output of 15 ewt. 
per hour of rotor and stator laminations on approximately 
a 12 hour cycle from charge to discharge. 

The furnace is 724 ft. overall in length, i.e., including 
charge and discharge tables, and has a usable width of 
4 ft. and usable height of 1 ft. It is designed to operate 
at a maximum temperature of 850°C., the normal 
operating temperature being in the region of 750-850° C. 
The furnace rollers are driven by an electric motor 
operating through a variable speed gear box, the output 
side of which is connected by chain drive to a line shaft. 
This in turn drives a series of worm reduction gear boxes, 
each driving a section of rollers by endless chain. The 
charge and discharge roller sections are separately driven 
and automatically controlled by sequence relays and 
limit switches, so that work trays can be charged and 
discharged speedily rather than at the speed of the 
furnace rollers, which is of necessity slow, because of the 
long heat treatment cycle. This arrangement allows the 
furnace doors to remain closed when not charging or 
discharging, and so achieves stability of the gas atmos- 
phere and economy in gas consumption. 
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Control of Temperature Cycle 


To conform to the specified cycle the furnace is divided 
into five zones : 


Zone 1. Heating. 
Zone 2. Soaking. 


Zone 3 & 4. Slow cooling. 


Zone 5. Fast cooling. 


In zones | and 2 the heating is by electric radiant 
tubes. The tubes are flanged and bolted to the furnace 
side wall, and are distributed above and below the hearth. 
Within the tubes, the elements are constructed of heat 
resistant alloy wire wound in sillimanite formers. The 
incorporation of radiant tubes enables speedy change of 
element without removing the tube from the furnace, 
thus avoiding a complete shut down should a failure 
occur. In this connection, another interesting feature is 
included in order that the element failures should be 
noticed promptly ; this is an element failure indication 
panel. Each element has a pilot lamp connected across 
it and the lamps are numbered to correspond with the 
appropriate elements. Should an element failure occur 
the corresponding pilot lamp will be brighter than normal. 
In zone | there are 21 tubes, and the three-phase step 
down transformer is rated at 167 kVA. There are 6 tubes 
in zone 2, with a transformer rating of 48 kVA. Zones 
3 and 4 comprise the slow cooling section and, to main- 
tain the required temperature gradient, there are heavy 
gauge nickel-chrome tape elements suspended from the 


Saturday, October 27th, 1956, Dr. D. F. Galloway, 

Director of the Production Engineering Research 
Association, said that during his recent visit to the 
U.S.A., he had been greatly impressed by the volume of 
production engineering research, and by the enthusiasm 
with which the results of this research were applied in 
industry. The total estimated expenditure on research 
and development in the United States in 1955 was 
approximately £2,000 million, compared with about £250 
million in Britain, and the number of research workers 
in America was about 500,000 compared with about 
60,000 here. Our research effort was small by comparison, 
even when the difference in populations was taken into 
account. This was undoubtedly one of the main reasons 
why the annual average increase in productivity in the 
U.S.A. was about 3°,, whereas in this country it was 
about 1-5°,. Although this difference might appear to 
be small, it constituted a serious threat to our standard 


A T a Conference on Automation, held at Walsall on 


of living. 

Developments in automation which Dr. Galloway had 
seen in the U.S.A. included a 300 ft. line which produced 
assembled cylinder heads at the rate of 400 per hour with 
a labour force of three men. Automation equipment was 
also being used in the offices of oil and insurance com- 
panies, and for automatically controlling the distribution 
of electricity as the demand varied in several States. In 
most cases, the labour displaced by automation had been 
absorbed by different activities in the same factory. 
Some British examples of automation compared well 
with developments in America, but in the United States 


there was generally a better climate for the growth of 
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Automation in the United States 


roof arch and cooling tubes, mounted transversely, 
through which cold air may be blown. In zone 3 the 
elements are connected through a 40 kVA. transformer, 
whilst in zone 4 a 30 kVA transformer is used. The 
cooling tubes are of heat resistant nickel-chrome alloy. 
In the fast cooling section, there are many more cooling 
tubes of aluminised steel, and these, together with the 
tubes in zones 3 and 4, are connected to two air blowers 
mounted above the furnace. The tubes can be isolated 
individually by means of valves. The heating elements 
and coolers in zones 3 and 4 enable the specified cooling 
from furnace temperature to 600°C. to be maintained 
regardless of the loading of the work trays, and again in 
the fast cooler the greater number of tubes enables the 
work to be cooled finally in a comparatively short time 
down to 300-400° C., at which temperature the work is 
automaticaily discharged. Discharge at temperatures in 
this range causes blueing of the lamination surface by 
oxidation on leaving the protective atmosphere. 


Atmosphere Control 

Gas atmosphere is supplied from a Birlec Exothermic 
Atmosphere Generator with a maximum output of 6,000 
cu. ft./hr. Town’s gas and air are mixed, the gas/air 
ratio being preset and accurately controlled in the mixer 
by vernier control on the proportioning valve. The 
mixture is burnt in a refractory-lined water-cooled 
combustion chamber and, after cooling and demisting, 
the products of combustion are passed through an iron 
oxide purifier for removal of hydrogen sulphide before 
passing to the furnace. 


new ideas. It was realised that the first step in raising 
standards of living was the reduction of the labour 
content of production. 

The spread of automation and the more extensive 
application of the results of production engineering 
research were closely linked to the rate at which tech- 
nologists could be trained. The importance of this 
had not been overlooked in Britain, but the fact remained 
that, even allowing for the difference in populations, 
America was producing three times as many engineering 
graduates, and Russia five times as many graduates as 
Britain. For Britain to survive as a world power, 
technological training in this country would have to be 
expanded quickly, particularly in the field of production 
engineering, where, in the past, the need for fully trained 
engineers had not been fully recognised. 

Dr. Galloway stressed that higher productivity was 
being achieved today, not only by automation, but also 
by raising the efficiency of basic production techniques, 
and by substituting better techniques for some of the 
relatively wasteful methods that were widely used at 
present. This was reducing the work content whether 
automation or conventional equipment was empioyed. 
The Production Engineering Research Association had 
been carrying out research into production techniques 
for about ten years, and had been able to assist both 
small and large firms throughout the engineering 
industry. In most companies the influence of automa- 
tion would be small for a long time to come, but the 
application of improved production techniques developed 
as a result of research would give substantial savings 
the cost and time of production immediately. 
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the Biggleswade Water Board, incorporate what 

seems to be one of the most interesting new develop- 
ments in shallow-domed roof construction for large 
circular vessels. Embodying new approaches to both 
design and choice of material, the 125-ft. diameter 
16-ton roofs are of unpainted aluminium alloy sections 
and sheet, and are self-supporting. One of the outstand- 
ing advantages of the constructional method used is that 
it was possible to erect both without draining water from 
the reservoirs. 

New service reservoirs, of the type that hold supplies 
of filtered water for a community’s immediate needs, are 
generally roofed over at the time of their construction, to 
prevent pollution of the water by airborne impurities. 
Older types of reservoir still in use were not covered 
when built, but present-day conditions make the addition 
of such protection more-or-less essential. 

With traditional methods of roofing, supporting 
columns rising from the reservoir floor are often neces- 
sary, and the reservoir must generally be drained and 
out of service while the roof is built. Moreover, founda- 
tions for columns in the deeper reservoirs may present 
major difficulties, especially if the ground beneath the 
floor is at all suspect, and the columns themselves intro- 
duce further risk of contamination. One answer to these 
problems, for new or old reservoirs, is the self-supporting 
domed roof, and the aluminium roof represents one of 
the most economical types. 

Built by Aluminium Construction, Ltd., to their own 
original design, with Binnie, Deacon and Gourley as 
consulting engineers, the Biggleswade roofs are shallow 
spherical domes, each consisting of a grid of box-section 
ribs located on two series of great circles (i.e., the centre 
of curvature of every rib lies at the centre of the sphere 
of which the dome forms a small part), and are clad with 
flat 16 s.w.g. (0-064 in.) aluminium alloy sheet. The 
ends of the ribs meet the circular ring beam, which is 
set in reinforced concrete, at bearing shoes with screw 


T tee service reservoir roofs, recently completed for 


A 


iew, from the inside, of the 150-ft. diameter self- 
Su) porting aluminium roof over the Paradise reservoir of 
the Eastbourne Waterworks Company. 
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Aluminium Reservoir Roofs 


The 125-ft. diameter domed aluminium roof over the 
Toplers Hill reservoir of the Biggleswade Water Board in 
course of erection. 


adjusters. Although with the great-circle-rib design 
the sheet panels required to cover the spaces between 
ribs are not exactly square, nor of exactly the same area, 
it was found practical to use standard sheets equal to the 
largest squares, and merely to increase the overlap near 
the ring beam. The main ribs are of hollow section, made 
by riveting together two top-hat sections ; intersections 
are made by cutting one of each pair of sections so that 
half of each rib runs through the joint. Joints between 
the 20-ft. lengths of ribs are made by inserting joint 
filler pieces, also of top-hat section; all joints are 
arranged so as to be clear of intersections. 

Structural sections are of Noral 51SWP (B.S. 1476: 
HEIOWP), a heat-treated alloy with an ultimate tensile 
strength of 18 tons/sq. in., and the sheets are of Noral 
M578}H alloy, all being supplied by Northern Aluminium 
Co., Ltd. Since in most conditions of normal exposure 
these alloys have a very high natural resistance to 
atmospheric attack, painting or other surface protection 
was unnecessary. Apart from the savings in painting 
costs, this completely eliminates the difficulties asso- 
ciated with re-painting the inside of the roof, which 
would involve either emptying the reservoir or running 
the risk of paint falling into the water. 

The cost of building a domed aluminium roof of the 
type described is in many cases very much less than that 
of more traditional types, and the time taken for con- 
struction can also be far shorter. At Biggleswade a 
movable staging was necessary in order to allow the 
roofs to be built out over the reservoirs, and its erection, 
dismantling and re-erection at the second site added to 
the overall construction time, which was already 
extended by hard weather. Even so, the two roofs were 
completed in seven months. 

By no means the first of their kind, the roofs at 
Biggleswade were preceded by a larger (150 ft. diameter) 
roof of similar construction, weighing 23 tons, over a 
reservoir at Eastbourne, and by other domes of smaller 
size. One of these, roofing a 78-ft. diameter oil tank, is 
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interesting in that it had to be gas-tight, and capable of 
withstanding internal working pressures of +8 in. of 
water. This involved a reversal of the stresses normally 
applying, the dome being in tension and the thrust ring 
at its circumference in compression. Welding of the ribs 
and sheet was decided upon instead of riveting, to ensure 
gas-tightness. Tests showed that any loss of strength 
by local annealing of the main rib sections when welded 
would be more than compensated for by the stiffening 
effect of the adjacent sheet acting as “ fins,’ and the 
whole roof was successfully welded using Murex equip- 
ment. Unlike those of the Biggleswade and Eastbourne 
reservoir roofs, the ribs of the tank roof were single 
square-section hollow tubes. 

The basic principle of the ribbed dome of aluminium 
sections and sheet is not restricted to the smaller sizes 
of roof; a dome as large as 500 ft. in diameter could be 


Nimonic 100 


built as successfully as one of 150 ft., using pairs o/ 
74 in. x 6 in. top-hat sections as main ribs, spaced ai 

15 ft., with light 6 in. I-beams at 5 ft. spacing as secon 

daries. These sizes are calculated assuming that, i. 
addition to a general loading of 30 Ib. /sq. ft., one bay of 
rib carries a load, due to men walking on the root 

amounting to 500 lb. spread along 5 ft. 

Insulating a roof of this kind, should it be required, is 
a relatively simple matter ; lining plates can be fixed to 
the undersides of the members, and the space filled with 
a suitable insulating material. 

The constructional method used for these roofs is 
undoubtedly something of a new departure in technique. 
Its soundness and economy are nevertheless emphasised 
by the success of the structures already standing, and 
there would appear to be great scope for its application 
in the future. 


Data on Latest Alloy of the Series 


Nimonic Series to be announced, is now in 

production for the rotor blades of a number of 
British aircraft gas turbines. Additional data on this 
alloy, which has useful load-carrying ability at tempera- 
tures approaching 1,000° C., are now available for publi- 
cation. The new information includes details of compo- 
sition, hardness, physical properties, tensile and fatigue 
properties, and further creep characteristics. 


N ‘Bimon ‘ 100, the latest creep-resisting alloy in the 


Specified Composition 


Carbon 0-30% max. 


Titanium 1-2% 
Chromium 10-12% 
4-6% 


Aluminium .. 
Molybdenum 
Silicon .. 


4-5-5-5%, 
0-5% max. 
2% max. 


Iron 
Cobalt .. 18-22% 
Nickel .. Balance 


Hardness 


Solution-Treated Bar 
Fully Heat-Treated Bar .. 


280-360 
320-400 
Physical Properties 


Specific Gravity 
Melting Range ° C, 


8-04 
1310-1380 


Mean Coefficient of Thermal Expansion 
(millionths per ° C.) 


20-100°C. .. .. .. 12°4 
20-200°C. .. .. .. 13:1 
20-300°C. .. .. .. 13°6 
20-400°C. .. .. 14°0 
20-500°C. .. .. .. 143 
20-600°C. .. .. .. 146 
20-700°C. .. .. 15°0 
20-800°C. .. .. «. 
20-900°C. .. .. 16-8 
20-1000° C, os 


Electrical Resistivity at 20° C. (microhms per em.) 132 


ROTATING BEND FATIGUE PROPERTIES 


Temp. ° C. Stress Range Endurance 

(tons/sq. in.) 
0 + 30-0 
815... | O+£25°5 |) 15 108 cycles in about 100 hr 
940 .. 0+ 14:3 
750 .. 0 + 28-0 
$15 .. 0 + 24-0 
870 |. 0 + 19:5 + 45 x 10® cycles in about 300 hr. 
940 .. O + 11-5 


CREEP CHARACTERISTICS AFTER FULL HEAT-TREATMENT 


Stress (tons/sq. in.) to produce Creep Extension of 


3-1 


Temp. | 0-1% in 0-2% in 
100 300 1000 100 1000 
hr. hr. hr. hr. hr. 


0-5% in Rupture in 
100 =| 300 | 1000 | 50 | 100 300 | 1000 
hr. | hr. hr. hr. hr hr. hr. 
27-0 | 24-9 21-7 | (18-2) 


14-6 
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815 | 13-4 | 10-6 | (7-7) | 1-4 | 13-0 | (10-0) | 17-2 | 14-6 | 12-0 | 19-2} 17-4 | | pr 
| 7-7 | (3-4) | 9-4 | (7-0) | 7-9 | (6-3) | 13-7 | 12-4 | 10-3 8-1 ot 
940 | 3-2 | (21) | | a-sy 43 | 38 | 27 5-4 | 3:5 est 
ks NOTE : Extrapolated figures are shown in brackets. 
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TYPICAL SHORT-TIME HIGH-TEMPERATURE TENSILE PROPERTIES 


Temperature °C. 


0-1% Proof Stress (tons/sq. in.) 


Stress (tons /sq. in.) 81 76 77 
Elongation (% on 4 Area) 1s. | 17 
Reduction of Arca (%) 
Modulus (Ib./sq. in. x 10) | 31 | 29 | 30 


500 
73 73 67 47 26 8 
18 i4 15 9 7 i 43 
18 15 16 | 10 6 7-5 | 42 
29 29 23 | (87 24 21 18 


Scientific 
Results of Two 


YDUSTRY and other main users of scientific man- 
power have told the Ministry of Labour and National 
Service that they want over 30,000 more qualified 
scientists and engineers in the next three years. The 
Scientific Manpower Committee of the Advisory Council 
on Scientific Policy estimates that at least 85,000 more 
will be required in the next ten years, representing an 
increase of 63°, over the numbers employed to-day. 

This information is given in a report on scientific and 
engineering manpower issued recently by the Ministry 
of Labour and National Service and the Advisory Council 
on Scientific Policy (H.M.S.O. Is. 6d.). The aim must be 
to increase the annual output of qualified scientists and 
engineers by over 60% by 1966 and 100% by 1970 states 
the Scientific Manpower Committee. “‘ This is a state- 
ment of a minimum goal which needs to be achieved if 
the economy is to grow at an acceptable rate. If the 
universities and technical colleges can achieve more, so 
much the better. We are reluctant to believe that less 
could be accepted as a target.” 

The Report embodies the result of two inquiries, one 
by the Ministry of Labour and National Service and the 
other by the Committee on Scientific Manpower of the 
Advisory Council on Scientific Policy. 


Ministry of Labour Inquiry 

There were 119,700 qualified scientists and engineers, 
51,230 scientists and 68,470 engineers, in the employ- 
ments covered by the inquiry*. It was estimated that 
a further 15,000 were in other employments, making a 
total of 134,700, representing approximately 0-6% of 
the total working population. 

Of this about 43°, were in manufacturing industry, 
12}°,, in the nationalised industries, 21°, in teaching, 
10°, in central government, 5°, in local government, 
and 8°, in miscellaneous occupations. Nearly half of 
the qualified scientists were in teaching and three- 
quarters of the qualified engineers were in industry. 

O! those employed in manufacturing industry, about 
45°., were engaged in research and development, 47% in 
production, maintenance and installation, and 8% in 
othe: work. 

Ti demand for scientists and engineers in 1959 was 
esti \ted at 150,000. The demand for scientists would 


facturing and building and contracting industries (excluding establish- 
* with less than 100 workers); nationalised industries; central govern- 
me ‘s, local authorities, industrial research associations, and educational 
esi... lishments. 
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Manpower 
Official Inquiries 


increase by 18-5% and for engineers by 30%. The 
greatest demand was for chemists, and mechanical and 
electrical engineers. An increase of 47° was required in 
the number of chemical engineers and 48% in that of 
metallurgists. 


Scientific Manpower Committee Study 


The Committee on Scientific Manpower has attempted 
to assess the requirements of the total number of 
scientists and engineers in 1966 and 1970. 

The Committee concluded that if an annual rate of 
growth of 4% in industrial output was to be maintained, 
it was necessary for the numbers of qualified scientists 
and engineers to be increased to approximately 220,000 
in 1966, an increase of over 60%. 

The increase in the requirements of engineers was 
estimated at about 70% between 1956 and 1966 and of 
scientists at about 50%. 

At present, the number at universities and technical 
colleges taking first degrees or equivalent qualifications 
was a little over 10,000, about half scientists and half 
engineers. There were signs that the flow would rise 
to 12,000 by 1959, and it would have to reach 16,000 if 
the stock of scientists and engineers were to increase to 
220,000 by 1966. The Committee states that “ this 
would represent a remarkable educational achievement.” 

The Committee concludes by saying that its estimates 
are essentially a guide to action and not a form of 
prophecy about the scientific content of British industry 
ten years hence. 


New Company 


AssociaTED CEMENT Cos., Lrp., of Bombay, Vickers, 
Ltd., of London, and Babcock & Wilcox, Ltd., of London, 
announce that they have concluded thei: arrangements 
for the formation of a company to be known as ACC- 
Vickers-Babcock (Private) Ltd. (A.V.B.). The new 
company plans to build a heavy engineering works in 
the vicinity of Durgapur, West Bengal. The products 
to be manufactured wil] include, cement making 
machinery, mining machinery, large pumps, heavy 
gears, steam generating plant of all types, pressure 
vessels cranes and mechanical handling equipment. The 
construction of the proposed works will commence as 
soon as the Government of India’s approval, now being 
sought, has been obtained. 
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The Institute of Metals 


A GENERAL MEETING of the Institute of Metals has been 
arranged for Monday and Tuesday, December 3rd and 
4th, 1956. All sessions will be held in the Convocation 
Hall, Church House, Great Smith Street, London, S.W.1, 
with the exception of Session B on the Tuesday morning, 
which will be held in the Bishop Partridge Hall. Details 
of the papers to be presented for discussion are given 
below, the month of publication in The Journal of the 
Institute of Metals following the title. 


Monbay, DECEMBER 3RD 
Morning 


10 a.m. to 12.30 p.m. Theme: Fatigue of Aluminium and 
its Alloys. A discussion based on the following papers :— 
Forsyrn and Srusprneron: The Slip-Band Extrusion 
Effect Observed in Some Aluminium Alloys Subjected to 

Cyclic Stress. (April, 1955). 

(i) Thompson, Coogan and Riper: Experiments on 
Aluminium Crystals Subjected to Slowly Alternating 
Stresses. (November, 1955). 

Sesisty and Epwarps: Some Metallographic Observa- 
tions on the Fatigue Failure of Bare and Clad Aluminium- 
Copper-Magnesium Alloy Sheet. (April, 1956). 

(iv) Broom, Mouineux and Wuirraker : Structural Changes 
tog the Fatigue of Some Aluminium Alloys. (June, 

956). 
Afternoon 
2.30 p.m. to5 p.m. Theme: Copper Alloys. A discus- 
sion based on the following papers :— 

(‘) Martin and Smirn: A Preliminary Note on the Creep 

—- of Internally Oxidized Copper Alloys. (May, 
955). 

(@) DeNNISON: Creep Behaviour at 300° C. of a Group of 
Precipitation-Hardening Alloys Based on the Alpha Copper- 
Aluminium Phase. (July, 1955). 

(ii) West and Tuomas: Some Observations on Constitutional 
Changes in Copper-Aluminium Alloys at Temperatures 
Below that of the Beta =~ Alpha + Gamma, Eutectoid. 
(August, 1955). 

(fv) Etuwoop, Prytuercu and Puetrs: Experiments on the 
Semi-Continuous Casting of Bronze. (May, 1956). 


Evening 
6.30 p.m. Dislocations and the Mechanical Properties of 
Crystals. A report by Dr. A. H. Corrre.y, F.R.S., on 
a Conference held at Lake Placid, U.S.A., on September 
6th-8th, 1956. Arranged by the Metal Physics Com- 


mittee. 
TUESDAY, DECEMBER 4TH 
Morning 
Session “A” 
9.30 a.m. to Il a.m. Theme: Corrosion of Aluminium 


Alloys. A discussion based on the following papers :— 
(¢) CLARK : Atmospheric Corrosion of Aluminium Alloys in a 
Large Chemical Factory, and Their Protection by Painting. 
(October, 1955). 
(/) Farmery and Evans: The Stress-Corrosion of Certain 
Aluminium Alloys. (July, 1956). 


11 a.m. to 12.30 p.m. Theme : Deformation and Fracture 
of Zine. A discussion based on the following papers :— 


Rotational Slip in Zine Single Crystals 
(January, 1956). 

(i) Deruytrere and Greenoven: The Criterion for the 
Cleavage Fracture of Zine Single Crystals. (May, 1956). 

(iii) Greenoven and Ryper: The Cleavage Fracture of 
Copper-Plated Zinc Single Crystals. (August, 1956). 


NEWS AND ANNOUNCEMENTS 


Session “ B” 
10 a.m. to 12.30 p.m. Theme: Constitution of Titaniuin 
Alloys. A discussion based on the following papers : 
(‘) McQurrtan: A Study of the Behaviour of Titanium-Rich 
Alloys in the Titanium-Tin and Titanium-Aluminium 
Systems. (January, 1955). 
(fi) Poote and The Equilibrium Diagram 
of the System Nickel-Titanium. (July, 1955). 
(ii) McQuitran: A Study of the Titanium-Germanium 
System in the Region O-11 Atomic-% Germanium. (July, 
1955). 
(iv) Knaptron: The System Uranium-Titanium. 
1955). 
(v) Scnorretp and Bacon: The Constitution of Titanium- 
Oxygen Alloys in the Range 0-35 Weight-% Oxygen. 


(October, 1955). 
(vi) McQuittan: The Constitution of the Titanium-Tin 
System in the Region 0-25 Atomic-% Tin. (April, 1956). 


Afternoon 
2.30 p.m. Lecture on Metallurgical Problems in the 
United Kingdom Atomic Energy Authority, by Mr. L. 
RoTHERHAM, (Director of Research and Development, 
United Kingdom Atomic Energy Authority, Industrial 
Group.) Arranged by the Nuclear Energy Committee. 


(August, 


Corrosion Essay Competition 


Tue Educational Panel of the Corrosion Group, with 
the approval of the Council of the Society of Chemical 
Industry, last year established a competition designed 
to encourage those who are still in the early stages of 
their career to take an interest in corrosion science and 
to express their ideas in writing. With the support of 
industrialists interested in the application of corrosion 
science in industry, a prize of the value of 25 guineas will 
again be awarded this year for an essay or paper on any 
aspect of corrosion of metals and its prevention. Details 
are as follows : 

(1) Essays are invited from persons aged not more 
than 27 years on the closing date. A length about 4,000 
words is suggested but reasonable latitude is allowable. 

(2) Judgement of the entries by judges appointed by 
the Education Panel Committee will be based on the 
evidence shown of the candidate’s critical faculty and 
originality of thought, and on technical and literary 
excellence generally. Results of original research may 
be incorporated, but this is not essential ; entries may 
consist, for example of surveys of knowledge in a 
particular field, discussion of practical problems, and 
suggestions for future developments in research, in 
application of knowledge, or in organisation of corrosion- 
preventive measures. Where the work or ideas of others 
are referred to, clear acknowledgement must be made. 

(3) The prize may be withheld if, in the opinion of the 
judges, no entry of sufficient merit has been received. 
Additional prizes may be awarded at the discretion of 
the judges. 

(4) A successful candidate may subsequently be 
invited to deliver his or her contribution as a lecture. 

(5) Publication of any successful entry will rest with 
the Society of Chemical Industry, subject to the regula- 
tions of the Society. If the Society does not exercise its 
right, an entrant is free to publish his work in any journal. 

(6) Entries should preferably be typed (double spaced), 
and must be on one side of the paper only, with adequate 
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margins. The candidate’s name must not appear on the 
script. The entry must be enclosed in a sealed envelope 
bearing a pen-name. A letter bearing the pen-name and 
including a statement of the full name, address and date 
of birth of the author must accompany the entry. The 
contents of the letter will not be disclosed to the judges 
until they have made their reports. Illustrations (dia- 
grams and/or photographs) may be included with the 
entry in the sealed envelope, but must not provide means 
of identifying the author. 

(7) The closing date for receipt of entries is March 
3lst, 1957. Entries should be addressed to: Corrosion 
Group Essay Competition, c/o Society of Chemical 
Industry, 14 Belgrave Square, London, 8.W.1. 


Aircraft Production Problems Conference 


Tue Fifth Conference on Problems of Aircraft Production 
organised by the Southern Section of The Institution of 
Production Engineers will be held at the University of 
Southampton on January 8th and 9th, 1957. The theme 
of the Conference will be: “ New Materials—New 
Methods,” and, following the presentation of the Lord 
Sempill Paper by K. Frydag, the first day will be devoted 
to the presentation and discussion of the following 

rs: “Fatigue of Aircraft,” by P. L. Teed; and 
“Electronically Controlled Machine Tools in Aircraft 
Construction,” by O. 8. Puckle. The papers for discus- 
sion on January 9th will be “ Hot Forming of Rolled 
Sheet,” by R. G. Wilkinson; “New Applications of 
Welding Techniques in Aircraft Production,” by N. K. 
Gardner ; and ‘“‘ Chemical Milling,” by A. W. Sheppard. 


International Non-Destructive 
Testing Meeting 


FoLLowInG on the lines of the Brussels meeting in 1955, 
a Second International Conference on Non-Destructive 
Testing is to be held in Chicago from November 4th-8th, 
1957, at the same time as the Second World Metallurgical 
Congress. The themes for the various technical sessions 
will be : (a) the basis for optimum test method selection ; 
(b) the relative advantages and limitations of non- 
destructive testing; and (c) recommendations for 
technical development and standardisation. A two- 
week guided tour of important plants, institutions and 
operations in Eastern U.S.A. is being arranged to 
precede the conference. 

Dr. G. H. Terry, the Chairman of the International 
Relations Committee of the American Society of Non- 
Destructive Testing would appreciate it if those in- 
terested in attending the conference would communicate 
with him at 704, 47th Street, Los Alamos, New Mexico. 


Birlec Ten Year Plan 


Brrixc, Lrp., a member of the A.E.I. Group and well 
known for the manufacture of industrial furnaces and 
dehumidification equipment, is about to build Britain’s 
largest and most modern electric furnace manufacturing 
plant. Announcing a ten-year development plan, the 
Company recently disclosed that a 34 acre site has been 


pure’ ased at Aldridge near Birmingham. By the end of 
196¢ Birlec expects to have doubled its present number 
of er ployees. 


: first stage of Birlec’s plan for the new factory 
alloy : for several bays, totalling approximately 150,000 
8q.{ , to be completed in 1958. To give some idea of the 
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size, this area represents about one quarter of the available 
exhibition space in the B.I.F. buildings at Castle 
Bromwich. The immediate aim is to provide additional 
space for fabricating the massive parts of large industrial 
furnaces and the structures for other Birlec equipment. 
By this means, additional space for machining, fitting, 
bricking and final assembly of furnaces will be released 
at the existing works. Stages two and three of the 
scheme are planned for completion in 1961 and 1966 
respectively, enabling the gradual transfer of the remain- 
ing departments to be effected. Generous provision has 
been made for improved cantecn and recreational 
facilities, and large research and administration blocks 
are planned, together with a new heat treatment shop. 

Birlec’s recently inaugurated apprentice training 
scheme, which at present allows for an annual intake of 
about fifty apprentices, is integrated with this expansion 
project. The newly trained recruits will, to a large extent, 
fulfil the additional requirements for personnel when the 
Company moves into the new premises. 


Degreasing Discussion 


THE Metallurgical Engineering Committee of the 
Institute of Metals is holding an all-day Informal 
Discussion on Degreasing in the University, Edgbaston, 
Birmingham, on Wednesday, February 27th, 1957. The 
meeting will be open to both members and non-members, 
and it is hoped that there will be a large attendance. 
Lunch will be arranged in the University refectory for 
those attending the meeting, provided they book lunch 
not less than seven days in advance. Members and 
non-members who would like to be present should notify 
the Secretary of the Institute of Metals, 17, Belgrave 
Square, London, 8.W.1, as early as possible. 


$24 Million Contract for 
English Electric 


THE award of a $92 million contract to an American 
construction firm—believed to be the biggest “‘ turnkey ” 
contract of its type ever signed in the U.S.A.—has 
brought The English Electric Company sub-contracts 
for hydro-electric machinery and associated equipment 
worth approximately $24 million. The $12 million 
order recently announced by the Grant County Com- 
missioners covering water turbines formed part of this 
contract. The main contract is for the construction of 
a new dam and power house at Priest Rapids on the 
Columbia River. It has been given by Grant County 
Public Utility District No. 2 of Ephrata, Washington 
State, in the Pacific Northwest, to the internationally 
known construction firm, Merritt-Chapman and Scott 
Corporation, whose headquarters are in New York. The 
Merritt-Chapman and Scott bid included English Electric 
water turbines, generators and transformers and a 
contract for this equipment, valued at approximately 
$24 million, has accordingly been awarded to The 
English Electric Export and Trading Company. 


New Mond Nickel Plant at Clydach 
W. J. Fraser & Co., Lrp., of Harold Hill, Romford, 


Essex, have been awarded a contract, worth approxim- 
ately £750,000, for the complete installation of new nickel 
refining plant at Clydach, 8. Wales, for the Mond Nickel 
Co., Ltd. The plant will carry out the final stage in the 
production of nickel, in which the pure metal is obtained 
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by thermal decomposition of gaseous nickel carbonyl. 
This unique and classic carbonyl process has been 
successfully operated by the Mond Nickel Company for 
over 50 years, and, while operating on the original 
process, the new plant embodies the results of extensive 
research and pilot-scale work carried out in recent years 
at Clydach, and of course, makes use of the latest 
developments in instrumentation, product handling, ete. 
As with the previous installation, operation will be 
continuous. Besides the detailed design, manufacture 
and installation of the actual plant, much of which is 
scheduled for fabrication in Fraser’s Barnsley works, the 
contract also includes complete site clearance and the 
erection of an attractively designed, modern factory 
building. 
New Babcock House 

THE new Head Office of Babcock & Wilcox, Ltd., was 
formally opened on Monday, October 8th, 1956 when 
Str Kennetu Hacue, Managing Director, unveiled a 
bronze plaque in the Main Entrance Hall, in the presence 
of the Chairman, Mr W. Lionet Fraser, C.M.G. and 
Directors of the Company, together with guests represent- 
ing those responsible for the building’s construction. 
This imposing eight-storey building is on the south side 
of Euston Road at the eastern corner of Gower Street 
over Euston Square Underground Station. 

The new Babcock House will accommodate some 1,500 
members of the London staff, and will replace the present 
Babcock House in Farringdon Street, as well as Greenly 
House and Audrey House in Houndsditch, and other 
smaller offices in the City. Among features of interest 
are a cinema, with 48 seats, for the showing of technical 
films and slides, and an exhibition room nearby for the 
display of models and exhibits illustrating the Company's 
many activities. A special purpose Technical Library 
will maintain an up-to-date service of periodicals and 
publications relevant to the Company’s interests in ali 
fields of industry. A Ferranti Pegasus electronic 
digital computer will be installed in 1957. 


Personal News 


Mr. G. G. Roperts, has been appointed to the Board of 
Smiths Aircraft Instruments, Ltd., as Director of 
Research. Mr Roberts, who is 44, joined Smiths two 
years ago. 

Tue American Electrochemical Society announces that 
the 1956 recipient of the Acheson Medal is Dr. R. M. 
Burns, a Senior Scientific Adviser to Stanford Research 
Institute. 

Mr. H. Huwrenrres, Mr. R. C. Hays and Mr. W. 
J. Grsson, Deputy Chairman, Managing Director and 
Deputy Managing Director, respectively, of Millspaugh, 
Ltd., recently visited Canada and the United States, 
in connection with the further development of the 
activities of their Canadian Companies in the pulp 
and paper industry of Canada. Mr. Humpurtes also 
had important discussions in New York affecting the 
Hadfield Group of Companies, aimed at further extend- 
ing the sales of their products in the U.S.A. 

Mr. J. A. Swarys has relinquished the post of Sales 
Manager of the Incandescent Heat Co., Ltd., on his 
appointment as Chief Engineer of the Equiverse Sales 
Division, which has been specially created to deal with 
home and overseas orders and enquiries for furnaces 
incorporating the Equiverse system of scale-free heating. 


He is succeeded by Mr. H. C. NEwMaAn, Manager of the 
Group Export Division. Mr. G. C. A. Smrra has been 
appointed Manager of the Export Division. 

Tue Board of Trade announce that the President has 
appointed Mr. A. G. Stewart, Chairman and Genera! 
Managing Director of Stewarts and Lloyds, Ltd., to be 
a part-time member of the Iron and Steel Board. He 
replaces Str ANDREW McCance, F.R.S., who at thy 
end of his period of office on May 31st, 1956, did not 
seek re-appointment. 

Mr. R. P. MarsHALL has been appointed Manager of the 
T.A. Division of Impregnated Diamond Products, 
Ltd., Gloucester. 

Tue Council of the Institution of Production Engineers 
are pleased to announce that Mr. H. ScHoLEs, New 
Products Engineer /Project Engineer, of Joseph Lucas 
Electrical, Ltd., Burnley, has been awarded the Schofield 
Travel Scholarship for 1956. Mr. Scholes is Chairman 
of the Institution’s Halifax Graduate Section. 


Mr. J. W. How err has relinquished the office of 
Chairman and Managing Director of Wellworthy, Ltd., 
a subsidiary of Associated Engineering Holdings, Ltd., 
but remains on the Board. Mr. A.J. Woo.corrt has been 
appointed Chairman and Managing Director of Well- 
worthy, Ltd. 

Mr. J. A. Wyupe, Director and Sales Manager, has been 
appointed General Manager of Hale and Hale (Tipton), 
Ltd. 

THe Rumford Medal of the Royal Society has been 
awarded to Dr. F. P. Bowpen, C.B.E., F.R.S., Reader 
in Physical Chemistry in the University of Cambridge, 
for his distinguished work on the nature of friction. 
THE Head Wrightson Export Company’s Managing 
Director, Mr. VavuGHAN PENDRED, recently visited 
Calcutta in connection with Head Wrightson’s contract 
for three blast furnaces for the Government of India, to 
be constructed at Durgapur, West Bengal. Mr. Pendred 
returned via the United States and Canada where he 
had discussions on export expansion with Head 
Wrightson’s American Associates. 


WELDING Supervision, Lrp., announce that the 
present Manager of the Company, Mr. C. C. Bares, has 
been appointed to the Board of Directors. In addition 
to his administrative duties with Welding Supervision, 
Ltd., Mr. Bates will now be concerned with the welding 
activities of the Parent Company, Costain-John Brown, 
Ltd. 

Mr. B. Maxwe.i-Mut.er, has joined Smiths Aircraft 
Instruments Ltd.,as a Senior Technical Sales Represen- 
tative. He will be responsible for the sale of civil 
aircraft equipment. 


Obituary 

WE regret to record the death of Mr. J. HENDERSON, 
on October 21st, at the age of 54. Mr. Henderson was 
Power Cables Engineer, directly responsible to the 
Director of Production and Engineering, with British 
Insulated Callender’s Cables, Ltd., being mainly con- 
cerned with submarine power cable projects, and served 
with distinction on various Cable Makers Association 
Technical Committees. He had been occupied through- 
out his career with the study of raw materials for cable 
making, their manufacture and behaviour under opera- 
tional conditions. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Programme Temperature Controller 


Tue Ether Transitrol Type 994 programme temperature 
controller is an entirely new self-contained direct- 
deflection instrument which indicates and controls 
temperature to close accuracy over a wide range in 
strict accordance with a pre-determined time programme. 
It is used mainly for controlling the heating and cooling 
cycle of a furnace load so that the latter is automatically 
heated at a pre-determined rate, held at the soaking 
temperature for a given time, and then cooled as required. 
The Transitrol Type 994 consists of two units, an 
indicating temperature-control unit; and a_ time/ 
temperature programme unit, housed together in a 
robust welded steel case, and fully sealed against dust 
and moisture. It is suitable for wall-mounting or 
panel-mounting. 

The indicating temperature controller operates on a 
new principle which utilises a transistor ; in consequence, 
the need for thermionic valves, magnetic amplifiers, and 
oscillator circuits has been eliminated. It incorporates 
a conventional galvanometer, used as the measuring 
system, and an indicating pointer which operates a 
simple photo-electric system and controls the heating 
medium. The instrument is fully compensated for cold- 
junction variation and _ internal-resistance changes 
due to the temperature-resistance coefficient of the copper 
moving coil. To enable final calibration, according to the 
specific length of the compensating lead used on installa- 
tion, an adjustable rheostat is provided. 

The control-circuit is of a unique and simple design, 
using a@ minimum number of components particularly 
chosen for their long-life performance, thus ensuring 
continuous operation and reliability without need for 
service or maintenance. The red index control-pointer 
is fitted with a photo-sensitive transitor, optical-lens and 
low-level light source. When the transitor receives full 
illumination a relay is energised, thus giving external 
switching-control. The temperature-indicating pointer 
is fitted with a flag, capable of passing freely between 
light sources and transitor, and when the desired tempera- 
ture is attained the light source is cut off from the 
transitor, thus de-energising the control-relay and 
shutting off the heating medium. As the design of the 
optical system ensures that only a minute movement 
of the pointer is required to ‘ make’ and ‘ break’ the 
contro] relay, a very fine degree of control is obtained. 
Signal lights are incorporated to indicate mains on/off 
and control on/off. 

An electric motor, mounted in a gearbox positioned 
below the indicating temperature-control unit, drives the 
programme unit cam on the front of the instrument at a 
selected speed. In contact with the periphery of this 
cam *s the control arm, which is connected by a pair of 
preci ‘on cut bevel gears to the red index control- 
point«r of the indicating temperature-control unit. The 
face § the cam is graduated in time and temperature ; 
time | cing marked from the periphery to the centre, and 
temp eature being marked by circles. This system 
enab!-s a cam to be cut to suit any particular time/ 
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temperature programme. A gear-train on the back of 
the gearbox permits varying time cycles to be selected: 
for any given motor a variation of eight speeds can be 
achieved by changing only one gear of the gear train. 

An eccentric screw fitted to the control-arm gives 
Vernier adjustment in correcting the errors in cam 
cutting, and a lever positioned behind the cam can be 
set to switch off the motor or heater at any given 
point in the programme. An involute cam is provided to 
give fixed control point on any position of the scale by 
switching off the motor and positioning the involute 
cam at any desired point of the scale required as a 
fixed control point. 


Ether, Litd., Tyburn Road, Erdington, Birmingham, 24 


Fluorescent Inspection Lamp 


THE Lexlite fluorescent inspection lamp incorporates a 
foot-long fluorescent tube which consumes about 25% as 
much electricity as a 60 watt lamp, and has a life of some 
2,000 hours (about two years of normal usage). The 
tube throws a wide angle of light (with no shadows) on 
the subject, and one side is mirror finished for increased 
luminosity and to protect the user’s eyes. Weighing only 
9 oz., and having a diameter of only 1} in., the Lexlite 
can be handled with ease under even the most cramped 
conditions, and the enclosure of the tube in a rubber- 
cushioned Perspex cover enables it to withstand handling 
shocks. 


Lexington Products, Ltd., Lex House, 3-6 Alfred Place, 
London, W.C.1. 


Constant Potential Rectifier 


British OYXGEN announce the introduction of a new 
constant potential 400 amp. rectifier (C.P.R. 400), for 
Argonaut welding, with a unique flat volt/ampere 
characteristic. This rectifier gives optimum self- 
adjustment of are conditions and also reduces the 
possibility of burn back. The flat volt/ampere 
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characteristic means that control of the wire feed can 
be simplified by dispensing with all voltage-sensitive 
relays, only a current-operated relay (built into the 
power source) being employed ; the function of this is 
to start the wire feeding as soon as the arc is established. 
A further simplification is that a magnetic amplifier is 
no longer required for control of current, and its omission 
reduces the cost and bulk of the unit. 

The C.P.R. 400 is easier to set up and adjust for work- 
ing conditions and, because of the improved self-adjust- 
ment, no remote current control of the power source is 
necessary. It is claimed that this new rectifier is an 
important advance in the field of inert gas-shielded 
consumable electrode welding. The full advantages are : 
good self-adjustment of the are ; improved weld quality ; 
simplified and virtually fool-proof control circuit ; 
reduction in size and, consequently, cost of the unit ; 
easier setting up for operation ; and reduction in burn- 
back. 

The British Oxygen Co., Ltd., Bridgewater House, 

Cleveland Row, St. James's, London, S.W.1. 


7 kW. Induction Heater 


Tue General Electric Co. Ltd. has developed an induction 
heater having an output of 7kW. at a frequency of 
500 ke/s. The features of this new generator make it 
equally suitable for use in repetition work or as a general 
purpose tool for processing batches of different articles, 
The heater incorporates a fully variable control of 
output power, the heating inductor being fed from an 
output transformer whose secondary can be moved 
smoothly over the primary by a lever projecting from 


the front of the cabinet. The contro] allows optimum 
conditions to be set up for a wide range of applications, 
and permits the use of easily constructed heating 
inductors. It enables maximum power to be maintained 
in a steel charge being heated to temperatures beyond 
the Curie point. The heating inductor operates at low 
voltage, and is not therefore a source of danger to the 
operator. Both the output transformer and the heating 


inductor are water-cooled. The method adopted for 
making the watertight coil connections is both simple 
and effective, enabling inductors to be interchanged 
very quickly so that different applications can bx 
accommodated. 

The high frequency output is obtained from an 
oscillatory circuit using a single reliable valve, which is 
supplied from a full wave rectifier circuit using six 
rectifier valves ; the circuits are well protected by relays 
and fuses. The oscillator valve and the interior of the 
set are cooled by a filtered air blast. An anode current 
meter gives an indication of the power output. 

The heater is operated with push buttons mounted on 
a separate box for fixing in a convenient position on a 
work table. A self-resetting process timer enables the 
heating cycle to be terminated automatically. Signal 
lights are used to show when the generator is idling and 
when in full operation. ‘ 

The induction heater is enclosed in a sheet metal 
cabinet and supports for a work table are fitted on the 
front. Disappearing trunnions are provided at the base 
to facilitate movement of the unit. The generator 
occupies a floor space of less than 6 sq. ft. and is 5 ft. 4 in. 
high. It operates from standard three-phase 50 c/s. 
supplies, and can be supplied with one or two work 
stations as required. 

The General Electric Co., Ltd., Magnet House, Kingsway, 

London, W.C.2. 


Tool and Die Handler 


Tue handling and transporting of heavy and awkwardly 
shaped dies and tools from the toolroom to the press or 
moulding machine can be considerably simplified with 
the latest addition to the Matling range of mechanical 
handling equipment. This is the T-P Too] and Die 
Handler, which has been developed by Matling, Ltd., in 
association with Talbot-Ponsonby & Co., Ltd., and is a 
pedestrian-controlled battery or A.C. mains powered lift 
truck incorporating a special feature known as the 
Talbot- Ponsonby pull-on/push-off attachment. 

This feature enables one operator to manipulate the 
heavy dies and tools from the racks or press on to the 
die handler and vice versa. The pull-on/push-off 
attachment is controlled by an 8 in. crank applied either 
side of the machine. The cranking movement is trans- 
mitted through a gear box to special conveyor chains, 
which move the load towards or away from the edge of 
an elevating table, from which it can be moved on or off 
with a bar and chain. The dimensions of the standard 
table are 34 in. wide by 32 in. long, and the unit can be 
supplied with capacities of up to 3 tons, with a lift height 
of 53 in., or to suit the particular application. 

The controls are simple to use and foolproof in 
operation. The standard Matling power unit is employed 
which incorporates the usual safety devices. These 
include a restrictor in the ram outlet in case of hydraulic 
failure, and a pressure relief valve which blows off if the 
operator attempts to lift a load of excessive weight. The 
conveyor chains are locked at all times, except when the 
crank is operated. The hydraulic tank, pump and valve 
which raise and lower the table by means of a Matling 
hydraulic jack are integral with the power unit. 

The efficiency of the equipment can be gauged by the 
fact that with it, in one instance, one man and the 
machine operator can carry out in fifteen. minutes a task 
that used to take four men two hours to perform by the 
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usual method. Further, it facilitates the storage of large 
tools in racks, access being necessary on one side only, 
thus saving floor space. 

The machine is of compact dimensions, the battery 
model having a length of 64in. and the mains model 
57in. The width and height of both models are 34 in. 
and 68 in., respectively. The total weight is 18} ewt. 
(including batteries). 

Matling, Ltd., 28, Caxton Street, London, S.W.1, and 

Fallings Park, Wolverhampton. 


New Quasi-Arc Electrode 


Qvuast-Arc announce the addition of Vordian electrodes 
to their range. They are a general-purpose type for 
welding mild steel in all positions. Although designed 
for vertical and overhead welding, they are also very 
suitable for butt and fillet welds in the flat and horizontal- 
vertical positions. 

The are characteristic is soft, giving smooth running 
with low spatter loss and producing welds of good 
appearance, without undercut and with easy slag 
detachability. They will therefore be of particular use 
in shipbuilding and structural steelwork, for either 
construction or repair. The lighter fabricating industries 
will also find them useful as general-purpose electrodes. 

Vordian electrodes are manufactured in sizes 12- 
4s.w.g. and } in. and ¥ in. diameters. Conforming to 
B.S. 639 : 1952 and B.S. 2549 : 1954, they are approved 
by Lloyd’s Register of Shipping and the Ministry of 
Transport and Civil Aviation for the welding of mild 
steel in all positions. 

Quasi-Arc, Lid., Bilston, Staffs. 


Overhead Radiant Heater 


An overhead radiant heater designed to provide warmth 
where needed in large machine shops, loading bays, 
garaves, aircraft hangars, and similar places where the 
overa'l area is too big to heat economically, has been 
developed by The General Electric Co., Ltd. Since the 
heat -ource is radiant, comfort conditions are obtained 
ata | wer air temperature, and buildings not in constant 
use c 1 now be heated adequately at a reasonable cost. 

Th overhead radiant heater comprises a rigid anodised 
alum. reflector fitted with G.E.C. Inconel-sheathed 
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wire elements. It is available in loadings of 14 kW. and 
3kW. The design of the aluminium trough enables 
another element to be added to a 14 kW. heater, giving 
an output of 3 kW. if required, without further alteration 
to the trough. Two cadmium plated covers to fit a 
2 in. conduit box and cadmium plated hooks for chain 
suspension are supplied with each heater. Cadmium 
plated oval link chains can be supplied for chain sus- 
pension. The heaters may also be fixed to a wall or 
cornice. Both 14 kW. and 3 kW. heaters have overall 
dimensions of 40 in. x 10} in. x 38 in., and are supplied 
in voltage ranges : 200 /220v., 230/240v. and 250v. 

The General Electric Co., Ltd., Magnet House, 
Kingsway, London, W.C.2. 


Stucco Snaprib Aluminium Building 
Sheet 


Norat Snapris, the aluminium building sheet, which 
has already proved very popular with both architects 
and builders owing to its unique fastening and other 
features is now normally produced, at no extra cost, in 
a stucco embossed finish. This stucco finish improves the 
decorative appearance and so increases the architectural 
uses of the sheeting ; it has a number of other advantages 
over the original plain bright finish that it replaces. 


Stucco Snaprib incorporates all the advantages of the 
original sheeting, possessing lightness, strength, dura- 
bility, ease of erection, and of course, the easy snap- 
joint, leak-proof fixing. Aluminium building sheets are 
generally used unpainted, as their pleasant natural 
appearance and weather-resisting characteristics make 
painting, except from a decorative aspect, unnecessary. 
The need for painting is still further reduced by the new 
finish in which Snaprib is now available, as this gives 
the sheet a decorative appeal of its own, and also a more 
substantial appearance. Specular reflection from the 
sheeting is reduced, making less noticeable any handling 
marks or slight buckling caused during transport or 
erection, and also diminishing sunglare. The non- 
repeating nature of the pattern means that no special 
care in lining up the sheeting is necessary, and erection 
is quick and easy. 

Northern Aluminium Co., Lid., Banbury, Oxon. 
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Book Notices 


THE RUNNING AND GATING OF 
SAND CASTINGS 

By R. W. Ruddle. Dem. 8vo, 183 pp., 65 illustrations. 
Published by The Institute of Metals, 17, Belgrave Square, 
London, 8.W.1. Price 25s. 

In his introduction, the author states that the production 
of serviceable castings, free from serious defects, is 
dependent on a combination of many factors. This is 
quite true, indeed it is doubtful whether any other 
craftsman has so many factors to control as the moulder 
who prepares moulds in sand to receive molten metal. 
Even with the best of materials, much skill is required to 
produce sound castings, free from inclusions, dirt, 
internal fissures, shrinkage cavities, cold shuts, draws 
and cracks. The first two menaces are largely avoided 
by the ingenuity of the moulder in designing gates, vents 
and risers, and it is very doubtful whether faulty gating 
is responsible for 30 to 50°, of the rejected castings, as 
stated by Harding, when the moulds are prepared by 
skilled moulders. However, gating is one of the factors 
which must be seriously considered in the production of 
sound castings, and this book will be helpful to a fuller 
understanding of the theoretical aspects of the running 
and gating of moulds to receive fluid metal. 

Following an introduction, the author considers 
experimental methods of studying the flow of metals 
under two headings: flow rates and flow quality, and 
then discusses the fluid dynamics of metal flow, explain- 
ing the nature of fluid flow and the laws governing the 
rates of flow with their application to the gating problem. 
A further chapter is concerned with experimental work 
on flow in horizontal gating systems, in which the work 
of many investigators is discussed. Systems other than 
conventional horizontal systems are then considered, and 
reference is made to step gates, bottom gates, side gates, 
horn gates, whirl gates and pencil gates, followed by a 
brief discussion. In this and preceding chapters, it has 
been taken as axiomatic that agitation of the metal and 
gas aspiration are undesirable phenomena, and therefore 
to be avoided, the degree of importance to be attached 
to these effects is considered in a succeeding chapter 
dealing with the influence of the gating system on the 
soundness of the casting. Experimental work is dis- 
cussed in which efforts have been made to correlate the 
incidence of defects in the casting with the type of 
gating system employed and the nature of flow within it. 
The concluding chapter summarises the work described 
and conclusions reached, and indicates the lines of future 
research likely to prove fruitful. This monograph 
includes two appendices, one giving a rough derivation 
of Reynolds’ number, and the other the application of 
hydrodynamic theory to the flow of metals ; in addition, 
a list of references, a subject index and a name index are 
included. 

This book is concerned mainly with gating for non- 
ferrous metal castings, but there is much of interest for 
the production of castings in any castable metal or 
alloy. However, it should not be assumed that the 


accumulated experience of skilled moulders is only guess 
work. 


CURRENT LITERATURE 


OXIDATION RESISTANT SILICON 
ALUMINIUM STEELS 

By E. A. Brandes. 40 pp., 16 graphs and illustrations, 11 

tables. Special Report No. 2, Fulmer Research Institute, 

Stoke Poges, Bucks. 10s. 6d. 
STEELS containing up to 6°, silicon have not so far 
been used in applications where resistance to oxidation 
is important. This is probably due to the fact that when 
the silicon content is increased to the value necessary 
for good oxidation resistance, the steel has low ductility 
at room temperature, while the hot workability is also 
adversely affected if the silicon content is such that the 
a - y phase change may occur during hot working. 

Aluminium additions to iron increase the oxidation 
resistance in much the same way as silicon, and in the 
present report results are given for the oxidation resist- 
ance and mechanical properties of both silicon and 
silicon-aluminium steels. The investigation covered 
steels containing up to 4% silicon and 3% aluminium, 
and the results show that steels containing 2-3°% silicon 
and 0-5-1°% aluminium are comparable in resistance to 
oxidation at temperatures up to 900°C. with the 18% 
chromium, 8% nickel austentic steel. The results of 
the mechanical tests show that such steels have adequate 
ductility at room temperature to permit many metal- 
forming operations, and that the ductility is not reduced 
by oxidation at temperatures up to 900° C. Carbon and 
managese in quantities normally encountered in mild 
steel are without significant effect on the resistance to 
oxidation, and the addition of manganese is recommended 
in order to minimise the adverse effect of segregated 
sulphur on the oxidation behaviour. Scaling resistance 
in flue gas and steam is superior to that of mild steel, 
and is further improved by aluminium coatings. 

The resistance to corrosion in atmospheric and accelera- 
ted tests is no better than that of mild steel, and the 
strength at 600° C. is low unless further alloyed. Their 
hot strength can be improved by additions of tungsten 
and molybdenum, but this reduces their economic 
advantage. Apart from low cost, silicon-aluminium steels 
are attractive because the only alloying additions are 
readily available silicon and aluminium, the absence 
of strategic elements, particularly nickel, being worthy of 


note. 


SECOND REPORT ON THE SHELL 
MOULDING PROCESS 
By J. L. Rice. Miscellaneous Publication No. 476 of The 
British Non-Ferrous Metals Research Association. 22 dupli- 


cated quarto pages. Published by The Association of Bronze 
and Brass Founders, 69, Harborne Road, Edgbaston, 


Birmingham, 15. 5s. (including postage). 
Tue Interim Report on the Shel] Moulding Process by 
the same author was published in October, 1954, and 
has been welcomed by the foundry industry and those 
associated with it. It was stated at the time that the 
author would continue to keep abreast of developments, 
with a view to issuing a second and supplementary 
report. In the intervening period, developments have 
been steady rather than spectacular, but it was felt that 
sufficient new material had been made available and 
fresh experience gained to render a second report of 
considerable value. Like the initial survey, the work has 
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been carried out by The British Non-Ferrous Metals 
Research Association by arrangement with The Associa- 
tion of Bronze and Brass Founders. The cost has again 
been defrayed by financial assistance received under the 
Conditional Aid scheme for the use of counterpart funds 
derived from U.S. economic aid. 

In the section on plant and equipment, reference is 
made to new machines, and to alternative methods of 
making shells. Because of the early neglect of core 
making by the process, there is more to report on the 
subject of core making machines than on shell moulding 
machines. The possibility of reclaiming sand and the 
financial advantage to be gained thereby were mentioned 
in the Interim Report. Tests have shown that even 
after repeated reclamation a satisfactory strength is 
maintained. In the section on sands and resins, reference 
is also made to methods of pre-coating sand and to the 
use of pre-coated material, particularly where cores or 
shells are blown. A further section is concerned with 
shell making techniques and dimensional accuracy. 
Methods of closing receive a fair amount of attention, 
and mention is made of core making developments, 
casting of steel, and casting of titanium, before consider- 
ing dimensional accuracy. 

The author concludes that the sheil moulding process 
would appear to be one of specialised application until 
it can be conclusively demonstrated that it is able to 
compete with mechanised green sand moulding. To do 
this, the use of a lower overhead figure must be shown 
to be practicable ; and expensive binder must be used 
more effectively by the extended development of double 
sided shells, stack moulded. Such technique will to 
some extent limit the weight of the castings made by 
the process. 


Trade Publications 


Charged with the special and highly important tasks 

of designing, developing and building atomic power 
stations, The General Electric Co., Ltd., and Simon- 
Carves, Ltd., have set up an Atomic Energy Group 
with its own research facilities. The Group, which is 
now established at Fraser & Chalmers Engineering 
Works, Erith, is able to draw on the resources of both 
parent organisations, and the General Electric Company 
has recently issued a booklet describing briefly the part it 
is playing in this field. 
Tue Pyrene Company’s leaflet M.F.D.8/5.56/08 deals 
with Parco-Lubrizing, which is a phosphate process 
specially formulated for treating ferrous metal surfaces 
to reduce wear. The absorptive character of the 
phosphate coating is used to hold and retain oil, and the 
process is claimed to be successful in eliminating scuffing, 
galling, pick-up and local welding, particularly during 
the running-in period in the life of working parts. The 
leaflet details the sequence of operations and the 
materials and plant required. 


A Wratrn of interesting information and practical 
guida:.ce for engineering and machine shop executives 
cor‘ained in the Operation Manual” prepared, 
and jv-t published, by Amber Oils, Ltd. (lla, Albemarle 


Street London, W.1). The manual has been compiled 
entire’. for the use of technical and engineering execu- 


tives, ‘ie contents of the book dealing with the use of 
cuttin 


drawing and heat treatment oils, and is fully 
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illustrated. The information given is completely up-to- 
date, and covers all possible machining problems, 
including those arising out of advanced and more 
difficult work. Included in the book is a carefully 
compiled chart listing the types of oil most suited to 
certain operations with the different metals encountered 
in practice, including the Nimonic alloys. 


Eacu quarter The Morgan Crucible Company now sends 
out an unusually-folded single-sheet house - organ, 
entitled “‘ In the Melting Pot,’’ and familiarly known as 
“IMP.” This publication features information about 
unusual uses of equipment, makeshift ideas which 
foundries have developed into useful practice, time and 
labour-saving gadgets, and straightforward records of 
metal prices, crucible life, melting methods, ete. Such 
items, although too small in themselves to be given 
individual publicity, were felt to be worth passing on to 
the foundryman. To provide a means of performing this 
service, Imp was introduced. 


BuLtetTiIn No. 165 of Aero Research Technical Notes 
takes the form of an article, reproduced from the De 
Havilland Gazette, dealing with the structure of the 
Comet. It describes a new formula based on a com- 
prehensive programme of investigation and design 
involving many thousands of tests of individual com- 
ponents. Referring to the Redux method of metal-to- 
metal bonding, developed by Aero Research, Ltd., 
Duxford, Cambridge, it is stated that it is used exten- 
sively on the Comet IV and IVa, the limiting factor 
being the available production capacity. 


THE differences between the finishes that are obtained 
by the use of various grades of aluminium paste pigment 
are difficult to describe, and almost impossible to 
visualise. Northern Aluminium Co., Ltd., have recently 
issued a folder containing speeimen panels obtained by 
spraying paints made from various grades of Noral 
Alpaste. 


In the November, 1956 issue of Redifon News Letter, 
there is a note on the use of induction heating equipment 
in the production of the Sterling 9mm. sub-machine 
gun. The design calls for extensive use of silver soldering 
and the accurate timing made possible by induction 
heating is of great help in preventing the unwanted 
spread of solder beyond the joint. 


Stxce the announcement that Baird and Tatlock 
(London), Ltd., have been appointed authorised agents 
in the United Kingdom for Beckman Instrument 
Incorporated, a number of spectrophotometers, including 
the popular DK.2 recording instruments, have been 
installed by them in laboratories in the British Isles. An 
illustrated brochure outlining the sales and _ service 
facilities offered by Baird and Tatlock, and other 
literature on Beckman instruments, are available on 
request. 


THE increasingly close inter-relation of metallurgy and 
the development of atomic energy is demonstrated by 
the literature abstracted in The Nickel Bulletin for July, 
which includes reference to papers presented at a 
symposium on Metallurgy in the Nuclear Power Field 
and to items of metallurgical interest in a volume of the 
Proceedings of the International Conference on the 
Peaceful Uses of Atomic Energy. High-temperature 
engineering in the aircraft gas-turbine and related fields 
is represented by a series of papers dealing with the 
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properties of metallic materials for use at temperatures 
above 1,600° F. (870° C.). Attention is also directed to 
two comprehensive summaries of information on 
corrosion problems arising in the petroleum industry, 
and to papers concerned with the welding of heat- and 
corrosion-resisting materials, including clad steels. 
Copies are obtainable free of charge from: The Mond 
Nickel Co., Ltd., Publicity Department, Thames House, 
Millbank, London, 8.W.1. 

“Sanpwicu constructions have made a_ notable 
contribution to solving the problem of combining 
lightness with strength. One of the best materials for 
the core of the sandwich is a metal honeycomb, usually 
made from aluminium foil and bonded to the aluminium 
alloy facing sheets by the Redux process. Aero Research 
Ltd., Duxford, Cambridge, have recently issued a 
number of information sheets dealing with the honey- 
comb core materials and the sandwich panels made 
from them. 

WE have received from The English Electric Co., Ltd., 
two new welding publications. No. WA/133 describes 
the single-operator portable are welding equipments 
Types LWC 300, 450 and 600, covering welding ranges of 
34-315 amps, 59-450 amps, and 116-625 amps, respec- 
tively. Complying with B.S. 638: 1954 these robust 
equipments are widely used in all branches of engineering 
manufacturing welded fabrications. No. WA/132 covers 
English Electric Speedees electrodes, and _ includes 
details of their welding characteristics and the physical 
properties of the welds. Extremely fast welding, with 
an exceptionally fine finish, can be obtained with these 
electrodes, which comply with B.S. 782 and B.S. 639 : 
1952. Their B.S. 1719 classification is E926 and their 
American classification E6024. 

Hien Duty ALLoys, Lrp., have recently issued a new 
edition of Hiduminium Technical Data. In addition to 
the physical and mechanical properties of H.D.A. 
aluminium alloy products, notes are now included to 
indicate the particular advantages of the individual 
alloys, together with some recommendations on pre- 
service treatments. Reference is made to machining, 
brazing, welding, soldering, bonding, fabrication, corro- 
sion protection and heat treatment. 


MaGNEsIUM alloys have proved their usefulness in the 
aircraft and other industries over many years, and 
recently developed techniques have enabled them to be 
fabricated and formed as easily as, if not more easily 
than, many of the aluminium alloys. In a new publica- 
tion, Birmetals, Ltd., Birmingham, 32, give particulars 
of the mechanical and physical properties of their 
wrought alloys, together with notes on fabrication, 
machining, joining, protection and surface treatment. 


We have received from Gibbons Brothers, Ltd., Dudley, 
leaflet BH5, which depicts a number of gas, oil, or coal- 
fired bogie hearth furnaces built by the company for 
stress relieving, annealing and normalising. 

Nos. 6 and 7 in the series of blotters issued by A.P.V.- 
Paramount, Ltd., deal with Paralloy 3K and Paralloy 
3NW. The former is a 17/10/3°, chromium-nickel- 
molybdenum alloy steel which has important uses in 
chemical and other plant operating at moderately 
elevated temperatures as it is not prone to sigma phase 
formation. Paralloy 3NW is a 17/10/3% chromium. 
nickel-molybdenum alloy steel with the addition of 
niobium as a stabilising agent. It can be used to advan- 


tage in the welded fabrication of chemical plant a.d 
food plant involving contact with brine. 

PuBLicaTIon No. 62, issued by W. C. Holmes and C )., 
Ltd., surveys the range of products manufactured by the 
company. These include plant for the gas and chemical 
engineering industries produced by the Gas and Chemical 
Engineering, Gas Handling and Gas Cleaning Divisions. 
Detailed information on particular products is available 
in specific brochures. 

A 25/20 CHROMIUM-NICKEL austenitic stainless steei is 
regarded as preferable to the 18/8 type of steel for the 
production of analytical weights. A recent Griffin and 
George leaflet gives particulars of the Microid stainless 
steel analytical weights manufactured by the company 
in the more highly alloyed material. 

Tue September, 1956 issue of The Wild-Barfield Heat 
Treatment Journal features the first part of an article on 
spring heat treatment and finishing. The application of 
walking beam furnaces is discussed at length in another 
article, and the “ Round and About ”’ section describes 
a G.W.B. 10-ton are furnace in Canada, and a U.K. mains 
frequency induction heating installation for melting 
white metal. 

Proeress in the titanium field is rapid, and although it 
is less than two years since the publication by the 
Metals Division of Imperial Chemical Industries, Ltd., 
of the first edition of ‘“‘ Wrought Titanium,” a second 
edition has now appeared. This revised publication 
outlines the properties and availability of I.C.I. titanium, 
and reference is made both in the text and photographic- 
ally to some of the roles which titanium is already playing 
in aircraft manufacture. In the present state of know- 
ledge, the publication is inevitably incomplete. Further 
editions contemplated from time to time will take account 
of new developments and keep the information on the 
subject as up-to-date as possible. 

STANDARD tin bronze alloys not capable of being hot or 
cold worked into extruded, rolled or drawn bars, tubes 
and shapes, have previously only been available in short 
lengths as sand, permanent mould, or centrifugal castings. 
Enfield Rolling Mills, Ltd., have just put into operation 
a plant for the continuous casting of tin bronze, leaded 
tin bronze and gun metals, and an illustrated booklet 
gives some details of the Encon continuous casting 
process and its products, which are available in a variety 
of sections. 


Books Received 


‘“ Handbuch der Werkstoffprufung.” Vol. II: * Die 
Prufung der metallischen Werkstoffe.”” Edited by Prof. 
Dr.-Ing. E. Siebel in collaboration with Dipl.-Ing. N. 
Ludwig. Second Edition. 754 pp. inc. numerous 
illustrations. Berlin/Gottingen/Heidelberg, 1955. 
Springer-Verlag. Ladenpreis: Ganzleinen DM 118. 50. 

‘ Plansee Proceedings 1955”. Sintered High-Tem- 
perature and Corrosion-Resistant Materials. Papers 
presented at the Second Plansee Seminar “De Re 
Metallica” held June 19-23, 1955, in Reutte/Tyrol. 
Edited by F. Benesovsky. 472 pp. Reutte/Tyrol and 
London, 1956. Metallwerk Plansee G.m.b.H., and 
Pergamon Press, Ltd. 75s. net. 


“An Encyclopedia of the Iron and Steel Industry”. 
Compiled by A.K. Osborne, with a foreword by Dr. 
Charles Sykes, C.B.E., F.R.S. 558 pp. London, 1956. 
The Technical Press, Ltd. 90s. net. 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL + PHYSICAL + METALLOGRAPHIC 


INSTRUMENTS AND MATERIALS 


The Detection of Rolling Defects in Steel Sheet 


By A. M. Armour 


(Research Department, Metropolitan-Vickers Electrical Co., 


Concealed defects in sheet steel, produced by rolling, may subsequently give trouble during the fabri- 


Ltd.) 


cating of the sheets. Various methods are discussed for revealing these defects. These methods, 

involving ultrasonic, mechanical, electrical or magnetic processes, are all effective if inspection time 

is not limited. One form of magnetic inspection has now been adopted in sheet steel works, although 

the rate of testing is not yet high enough. Suggestions are made for improving the speed of the 

magnetic method, and an alternative mechanical method is described. Both these methods are 
believed to be new. 


OR many years steel sheet manufacturers have been 
F troubled by defects in a proportion of their pro- 
ducts. One persistent form of defect is the internal 
split, or layer of inclusion, within the sheet thickness. 
Such defects generally run parallel to the sheet surfaces 
and are very difficult to locate. When these defects 
escape detection during inspection, defective sheets are 
put through subsequent production processes and cause 
much trouble during punching, pressing or welding. 
The name “laminated structure’ has been given to 
these discontinuities, because of their layer-like 
formation. 

Most of the defects originate in ingot irregularities 
which are rolled down into the slabs, and finally into the 
sheets. Some defects can be caused by internal tearing 
during rolling. It appears impossible to avoid producing 
some defects in the normal processes of manufacture, 
and hence steel sheet makers have long been seeking 
reliable methods of checking the quality of their output. 

This report records some of the methods which have 
been developed by Metropolitan-Vickers Research 
Department, and which give some help towards solving 
the problem. Much of the work is original, and some of 
the methods are now used in steel sheet works. These 
methods are still too slow to be entirely satisfactory, but 
the pressure being maintained by steel sheet manufac- 
turers for some form of test has led to their adoption. 


Available Methods 


A review of the problem shows that the area of sheet 
to be inspected is very large, and a practical method must 
reduce the scanning to a minimum. Because of the 
nature of the manufacturing process, the defects are 
greatly -longated in the direction of rolling and are little 
extended normal to this direction. Fortunately, this 
allows » sample scan across a sheet to give a reasonable 
criterio. of the state of adjacent zones not scanned. 

Met! ods successfully developed for revealing laminated 
structi:- are (1) ultrasonic, (2) electrical, (3) mechanical, 
and (4 magnetic. The first three detect defects by 
measu) 1g some physical property through the thickness 
of the cet which is modified by the discontinuity. The 
Magne’ - method uses the change in the magnetisation 
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Fig. 1.—Electrical resistance test through sheet thickness. 


along the surface normal to the rolling direction. A 
review of the various methods follows. 


(1) Ultrasonic 

Either double probe transmission or single probe 
reflection is effective. In the transmission technique, 
the two oiled surfaces of the sheet at points opposite 
each other are sandwiched between an ultrasonically- 
vibrating transmitting crystal and a receiving crystal, 
the oil assisting the energy flow. Any laminated struc- 
ture reduces the transmitted vibration as the two probes 
are moved together across the direction of rolling. 
Hence, the output of the receiving crystal can be used 
to signal the state of the intervening material. Fairly 
quick scanning can be accomplished in this way. 

In the reflection technique, only one side of the sheet 
is used. A track across the rolling direction is oiled and 
a single probe applicator crystal combines the functions 
of transmitter and receiver. A short pulse of high 
frequency vibration (about 1 Mc./s.) is injected into the 
sheet, then the crystal is electronically switched over to 
receiving. The multiple internal reflections between the 
two faces are recorded as they die away with time, the 
whole sequence being repeated many times per second. 
When the probe moves over a laminated structure zone 
the pattern of internal reflections is sharply modified, 
and is readily interpreted on the oscillograph screen or 
other display fitting of the instrument. The defective 
zones are thus revealed and fairly quick scanning is 
possible. 


(2) Electrical 


Fig. 1 shows the essentials of this method schemati- 
cally. A continuous current (about 2A.) is passed 
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Fig. 2.—Electrical resistance and thickness tests 
compared. 


through the sheet thickness, via a ballast resistance R,, 
by means of current contacts C,C, placed opposite one 
another on the two sides of the sheet. As close as 
possible to these contacts, but separate from them, are 
fitted two potential contacts P,P,, which are connected 
to a millivoltmeter. Thus the IR potential difference 
across the sheet is indicated without including the con- 
tact resistance of the current contact interfaces. The 
four contacts, which are fixed relative to one another, 
are moved across the sheet at right angles to the rolling 
direction, the millivoltmeter indicating any variation of 
potential. When the contacts span a laminated zone 
XX, the current path is diverted so as to run parallel to 
the surfaces of the sheet, instead of straight across the 
thickness, in order to circumvent the defect. As the 
current is determined by the ballast resistance rather 
than the sheet resistance, the increased length of path 
and decreased cross-section of the defective zone results 
in an increase of potential, so indicating the defect, see 
Fig. 2, curve A. A useful trick is to use a 6 V., 12 W. 
lamp for the ballast resistance, and to fix this so as to 
illuminate the millivoltmeter scale. Two advantages 
result from this: both current and potential are indi- 
cated together, and a useful measure of current stabili- 
sation is introduced due to the varying resistance of the 
lamp with current changes. 

The method is very effective for clean, bright sheets, 
but not for hot rolled or scaled sheets, owing to the non- 
conducting oxides on the surface. A fair rapidity of 
scanning is possible with suitable applicators. 


(3) Mechanical 
The mechanical method has the advantage of great 
simplicity and is quite effective. A running check is 
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Fig. 3.—Normal magnetisation curve 
of steel sheet. 


made of the thickness of the sheet across the rolliig 
direction. A normal micrometer or a clock micromet r 
can be used. It can be shown that there is a quite 
definite increase (several mils) in thickness over the 
laminated structures. The reason for this is probaly 
due to flexing of the sheet during handling, causing the 
layer of steel on each side of the inclusion to spring apart 
and remain so, not being mechanically held together as 
in the sound zones of continuous material. A convenient 
way of performing the test is to prepare a “ GO ” gauge 
set to the nominal thickness of the sheets. When this is 
run across the sheet it will be found difficult, or im- 
possible to get the gauge over the laminated zones owing 
to the thickness bulge. This serves to locate defective 
zones. 

Another mechanical way of indicating the bulges is to 
burnish a track across the sheet with emery cloth. The 
tops of the “ blisters”’ covering defects will show 
brighter than the rest of the sheet because of the in- 
creased abrasion there. 

The mechanical test can be very rapid, but its possi- 
bilities appear to have been surprisingly litt!e appreciated. 
It can be seen from Fig. 2, curve B, that the zone of 
increased thickness of a defective sheet as determined by 
a micrometer, coincides with the increased electrical 
resistance through the sheet as determined by the 
method shown in Fig. 1. Many sheets have been com- 
pared in this way, the results always confirming each 
other. 

(4) Magnetic 

The magnetic saturation effect shown in Fig. 3 is used 
in this method. It will be seen from the normal mag- 
netisation curve for sheet material that a change in 
magnetising force is required which is many times the 
corresponding change in flux density, provided the 
magnetisation is made high enough. Fig. 3 shows a 3°, 
change in flux density requiring a 22%, change in 
excitation when this is raised to approximately 50 
oersteds. 

At a laminated zone, the cross-section of steel around 
it is slightly less than at sound zones, because of the 
space occupied by the inclusion forming the defect. 
Arrangements (see Fig. 4) are made for magnetising the 
sheet across the rolling direction. The magnetisation is 
made high enough to produce the saturation results 
shown in Fig. 3. Because of the reduction in cross- 
section of the steel covering the lamination defect, 4 

local increase in flux density occurs, accompanied by @ 
relatively larger increase in the local magnetising force. 


Distaorice Across Sheet 
] 
T 
la 
m 
~ 
_ sh change 28 
> 
| 
| | 
22 % | 
' 
\ Magretisiing Force (Oers*eh) 
20 so 700 720 Fig. 
| 302 METALLUEGIA 


— 


Fig. 4._-Magnetisation of sheet across rolling 
direction. 


Fig. 5.—Curve of surface field strength 
showing increase at defect. 


oS 


across 


This force extends out into space from the surfaces of 
the sheet. 

Some form of magnetic scanning near to the surfaces 
of the sheet is necessary to reveal the local increase in 
magnetising force. The results of a typical exploration 
over a faulty zone are shown in the curve of Fig. 5. In 
this case the near surface field was measured by a 
magnetometer, although other forms of field indicator 
are possible. 

The device shown in Fig. 6 is a permanent magnet 
magnetiser with a built-in magnetometer. The field 
strength can be varied and its direction reversed by 
adjusting the tommy-bar over its scale : this can be seen 
under the main handle. As the magnet slides over the 
surface of the sheet, so magnetising a small section to 
the required degree, the magnetometer indicates the 
variation of the near-surface field, thus indicating faulty 
zones. 

A similar type of permanent magnet magnetiser is 
shown in Fig. 7 with a different form of field indicator. 
The magnet field strength can be adjusted by manipu- 
lating the projecting plunger control. Normally the 
magnetiser would be placed squarely across the rolling 


Fig. .—Controllable strength permanent magnet with Fig. 7.—Magnetographic detection of laminations in steel 


built-in magnetometer. 
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direction of the sheet ; it is shown at an angle merely for 
photographic purposes. The field detector is a shallow 
transparent plastic dish with a thin plastic back which is 
placed against the surface to be explored. The detector 
contains a small quantity of paraffin oil carrying a 
suspension of finely divided iron oxide dust, which is 
sealed therein. The magnetic dust is first uniformly 
dispersed in the oil by shaking the container. As the 
detector is laid on the magnetised sheet, the magnetic 
particles quickly move through the oil to accumulate 
over the more highly magnetised, and hence defective 
zones. The sharp change in particle pattern at the left 
boundary of the lamination is clearly shown in the 
illustration. The lamination split has been made more 
obvious, for photographing, by thrusting the knife blade 
into the defect at the edge of the sheet. This is the same 
sheet as shown tested by other methods in Fig. 2. The 
captive fluid type of detector has proved very useful and 
easy to interpret. It is being used in steel works for 


sheet. 
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Fig. 8._-Magnetic repulsion types of surface field 
indicators. 


steel sheet inspection. However, the need for repeated 
removal and shaking of the cell slows down the rate of 
inspection. Attempts to increase the size of the cell so 
as to cover a greater area have not been successful. The 
operating field required is about 50 oersteds. 


Higher Rates of Inspection 


Because of the effectiveness of the magnetic method, 
some work has been done to increase the testing speed. 
The magnetisation of the sheet across the rolling direction 
is conveniently done by laying the sheet over two poles 
built into the test bench. This is shown schematically 
(N, S) in Fig. 8. 


(1) Magnetic Scanning 

High speed scanning can be effected by some form of 
contact-making detector, two magnetic forms of which 
are shown in Fig. 8 (British Patent No. 566,430). The 
device shown at the left consists of a pair of tee-shaped 
magnetic members A, B. The upper one is made rigid 
by the flanges F, F, while the lower one is flexible. Both 
are held together close to the sheet surface by a block 
E and this is traversed in the direction Y Y, normal to 
the rolling direction XX. The contact at C is normally 
set just open for sound sheets. When the detector moves 
over a defective zone, the field increase there increases 
the repulsion forced between the tee-pieces, due to their 
like magnetisation along the top of the tee cross-arms. 
The repulsive force closes the contact C to give the defect 
signal. 

A similar device is shown at the right of Fig. 8. In 
this case, the repulsion surfaces are multiplied by the 
provision of a zig-zag arrangement of strip steel G. This 
is held at one end by the block H which is moved in the 
direction YY across the sheet. The zig-zag opens 
lengthways to close the contact K as it experiences the 
increased surface field due to the defect, and it retracts 
again when the field weakens. The movement is of the 
order of | or 2 mil per oersted of field change. 

The surface field required to actuate these devices is 
much higher than that required for magnetometer and 
captive fluid, i.e., about 100-200 oersteds, but the 


scanning speed is much greater. 


(2) Electromagnetic Scanning 

A search coi! embracing a small U-shaped iron core 
which straddles the lamination defects as it slides across 
the sheet, can be used in conjunction with a portable 
galvanometer to locate field increases. If the core is 
made long enough in the direction of rolling, it can be 
made to experience enough change of flux linkage to 
work a relay to give a signal. This arrangement gives 
speedy scanning and works at 50 oersteds. 


Conclusions 


(1) The detection of lamination defects in thin stc | 
sheet can be effected in several ways with certainty, if 
sufficient inspection time is available. 

(2) The magnetic method using a captive magne‘ic 
fluid detector cell is now used as a practical test in steel 
works, although it is not speedy enough. 

(3) Other magnetic forms of detection show promise 
and could be developed for faster testing. 

(4) The mechanical method involving local sheet 
thickness measurement is simple and effective, and is 
worth further development. 
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Pakistan Welding Supervision Contract 


One of the biggest welding supervision contracts drawn 
up in recent years has been awarded to the London 
company, Welding Supervision, Ltd. The contract was 
placed by the Pakistan Industrial Development Cor- 
poration and was won despite strong competition. It 
calls for W.S.L. both to inspect and carry out radio- 
graphic examination of the welding of a 200-mile 
natural gas pipeline in West Pakistan between December 
and June next year. Normally, welding inspection and 
radiographic examination of the welds are divided into 
separate contracts and awarded to separate authorities. 

Welding Supervision, Ltd., will send a party of seven 
engineers and technicians to Pakistan, under the 
direction of Mr. G. A. K. Stobie, and four experienced 
Pakistani technicians will augment the staff at Sui. All 
members of the party have had many years experience 
in both visual inspection and radiographic examination 
of welds and will be able to undertake either type of 
supervision as required. The welding is to be carried 
out on high tensile steel piping and much testing, 
research, and development has already been undertaken 
in this country with simulation of conditions likely te 
be met in Pakistan. 

Two trailer units, insulated to provide protection 
against heat and cold—temperatures ranging from 
freezing point to 120° F. are likely to be encountered— 
are being shipped to Pakistan for service as mobile 
radiographic laboratories in the field. Radioactive 
isotopes required for the gamma-radiographic examina- 
tions of welds will be supplied with the co-operation of 
the Atomic Energy Research Establishment at Harwell, 
and will be flown at regular intervals to Pakistan. The 
film needed for the examinations will likewise be flown 
out and kept in speciai storage until needed on the site. 

Welding Supervision, Ltd., is a wholly-owned sub- 
sidiary of Costain-John Brown, Ltd., the chemical 
engineers, who have been extremely successful in the 
past few weeks in winning valuable contracts in this 
country and overseas. Costain-John Brown formed 
Welding Supervision some years ago because they 
realised that modern plants would demand very high 
standards in welding. The only way to achieve these 
standards was to train engineers in the latest techniques 
of inspection and supervision. 
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Cathode Ray Polarography 


By J. W. Martin, M.Sc., A.R.LC., and J. V. Westwood M.Sc., F.R.LC. 


(Department of Chemistry, Sir John Cass College) 


In view of its versatility of application, its rapidity of recording, and its sensitivity, it is 

surprising that the use of the cathode ray tube in polarography has not received greater atten- 

tion. In this article the authors discuss the development of the techniques employed and their 
applications, including analysis. 


I—TECHNIQUES EMPLOYED 

WO early methods were devised for the rapid 
T determination of £4 potentials using the cathode- 
ray oscilloscope. The first was that due to Miiller, 
Garman, Droz and Petras,’ who used the polarographic 
cell in a manner somewhat analogous to an electronic 
valve operating on its characteristic. A small A.C. 
voltage is superimposed on the D.C., which is applied in 
the normal way from a potentiometer. When the D.C. is 
at the £} value, a sine-wave is produced on the C.R. tube 
which is undistorted, but on either side of it the distor- 
tion becomes severe. Figs. | and 2 illustrate the way in 
which this distortion arises. The second method, 
developed by Boeke and Suchtelen,? employed a similar 
principle. Instead, however, of displaying the current- 
time curves, which employed the “ built-in ”’ time base of 
the oscillograph for the latter, they used the same source 
of A.C. to both plates, through a circuit which allowed an 
alteration of the phase relationship of current and vol- 
tage. This alteration is dependent on the D.C. applied. 
A symmetrical trace is given on the oscillograph when no 
wave is present, but on reaching a wave the latter becomes 
unsymmetrical (Figs. 3a and 3b). At the #} value, it 
again becomes symmetrical. By adjustment of the 
phase relationship between the axes and the magnitude 
of the injected A.C., it is possible to reduce the area 
enclosed by the trace, and to get the sequence of curves 
shown in Fig. 3c,dande. These correspond, respectively, 
to conditions just before, at, and just after the £4. This 
method was employed by Prytz and Osterud* to study 
the effect of sodium and potassium nitrates on the F4 
values of Ti+, Cd?+, Zn2+, Mn?2+, Al8+. Such methods are 
as accurate as, but more rapid than, the conventional 
method, which requires graphical interpretation. They 

are, however, quite unsuitable for quantitative work. 

The first paper on the use of the C.R. tube in polaro- 
graphy was that of Matheson and Nichols, who described 
two techniques. In the first method, an ordinary polaro- 
graphic circuit was used, but the galvanometer was re- 
placed by a load resistance into which an A.C. voltage of 


Fig. 1 (right). 

Small A.C. super- 
imposed on D.C. 
produces fluctua- 
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graphic current 
varying in related 

manner. 
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Fig. 2 (below).— 
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1-5 peak volts was injected, by including the secondary of 


a transformer in the circuit. After amplification, the 
voltage developed across the load resistance was applied 
to the Y-plates of the C.R. tube, and the voltage across 
the cell terminals applied to the X-plates. Kinks in the 
resulting sine-wave display were related to the electrode 
processes occurring. 

More important, however, was the second method, in 
which a linear voltage sweep was applied to the polaro- 
graphic cell and the X-plates of the C.R. tube, while the 
amplified voltage was thus produced on the screen. The 
method of obtaining the voltage sweep was by means of a 


(a) (b) (c) 


(d) (e) 


Fig. 3.—Contours obtained on C.R. tube by A.C. applied across both X and Y plates with varying 
relationship between current and voltage. 
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40mfd. condenser charged up through a 20,000 ohm 
resistance and a 45 volt battery, and periodically dis- 
charged by means of a motor-driven switch. The best 
results were obtained with 30 sweeps/sec. from 0-2-4 
volts, with the switch closed for about half of each cycle, 
and consisted of a series of current-voltage curves which 
were produced during the life of each mercury drop. 
Fig. 4a indicates the types of curve obtained. Unfor- 
tunately, as the drop increases in surface area, so also 
does the current, and a series of different traces is 
obtained. A more useful result was obtained by in- 
creasing the dropping rate and synchronising the voltage 
sweep with the drop (see Fig. 4b). However, this leads to 
a considerably increased charging current, and to a state 
of affairs at the drop where normal diffusion does not 
occur, i.e., convection effects are also involved. 


Improved Electronic Techniques 

Nevertheless, nearly all the more recent methods which 
have quantitative importance stem from the method of 
Matheson and Nichols, and involve improvements which 
have largely arisen with improved electronic techniques. 
As a first step, O’Kelley and Wilcox® introduced an 
entirely electronic method for the voltage sweep, using a 
thyratron tube as switch. These authors predicted 
accurately the future course of developments in this 
field, such as the use of a long-persistence screen and a 
slow sweep synchronised with the drop. 

The recent method developed by Randles and Airey* 
adopts these latter suggestions, and involves a single 
voltage sweep which occurs just before the drop of 
mercury detaches itself. The fall in current as the drop 
detaches itself is used to trigger-off the time base. Cur- 


Fig. 6.-(a) Cur- 
rent-voltage 
curves obtained 
with high sweep 
rate of applied 
voltage by Dela- 
hay ; (b) saw 
tooth wave form 
of applied voltage 
for obtaining 
curves as in (a). 
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Fig. 4.—Current-volt- 
age curves obtained by 
Matheson and Nichols 
using a rapid voltage 
sweep method: (a) no 
synchronisation with 


chronisation of sweep 
rate and drop time. 
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rent is displayed against voltage on the C.R. tube, but the 
curve diflers from that obtained for the conventional 
polarograms, in that a peak occurs at the leading edge of 
the wave. An example is shown in Fig. 5 for 0-25 x 
10° M Pb*+ in M potassium chloride. It resembles the 
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Fig. 5.—-Current-voltage curves obtained by 
Randles and Airey using single sweep method. 


appearance of a polarographic maximum, but in this case 
arises from the “ stripping-out ”’ of ions at the electrode 
surface before the diffusion current is established, and not 
by adsorption. 

Delahay’ devised a method of continuous sweeping 
using a saw-toothed generator, without any synchronisa- 
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tion with the drop, so that a series of curves was obtained 
during the lifetime of a drop. Sweep rates up to 120 
volts/see. were employed. It was found necessary, how- 
ever, to introduce a quiescent period between each sweep, 
to avoid depletion of the electrolyte at the interface.* 
The types of curve obtained are shown in Fig. 6a and 
the characteristic of the saw-tooth voltage sweep in Fig. 
6b. Since the sweep rate was high, a high condenser cur- 
rent occurred, due to the rapid charging of the double 
layer. 

Sevcik® used a technique which was similar to that of 
Randles, but which also involved the return sweep, so 
that dissolution as well as deposition effects could be 
studied. An example of a reversible process, e.g., 
Cd?+ in 0-1 N hydrochloric acid, is shown in Fig. 7a. 
The method involves a multisweep with a triangular 
wave form (see Fig. 7b). The two peaks, for the forward 
and return sweeps, do not, of course, coincide, since they 
do not correspond to the #4 values, and are in fact 40/n 
millivolts beyond the #} value in the direction of the 
sweep. 

Snowden and Page!® used a similar method to that of 
Randles, but with more refined circuitry. This included 
devices for blanking off the beam after each sweep to 
avoid burning the screen, and preventing excessive 
voltage being applied in the case of slowly forming drops, 
where the late termination of the voltage sweep could 
permit this. Such voltages cause enlargement of the 
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Fig. 7.—-(a) Sevcik current-voltage curves for reversible 
process ; (b) triangular wave form of applied voltage 


for obtaining curves as in (a). 


capillary orifice, and this in turn causes larger drops and 
larger drop times, so that the effect is cumulative. 

Davis and Seabourne!! developed the Randles method 
still further, and their instrument probably represents 
the limit which can be reached by this technique. Their 
circuit was very complex and their article written for 
readers with a considerable knowledge of electronics, but 
the paper was electronically of a very high standard, and 
received a Radio Society Award for 1954. The elements 
of the method and layout were given in a brief paper by 
Reynolds and Davies in The Analyst.'* 

In addition to the refinements quoted in the Snowden 
and Page circuit, it contains an important addition in the 
form of an accurate compensation for the residual cur- 
rent. Whereas, in the conventional polarograph, this is 
done by a simple circuit which assumes a residual cur- 
rent linearly dependent on voltage, this assumption is no 
longer even approximately true under the conditions 
employed in cathode ray polarography. The sensitivity 
of polarographic analysis is limited to approximately 
10°M by considerations of the relative sizes of the step 
and the residual current. Elimination of the latter, in 
this method, thus allows the sensitivity to be still further 
improved, and it has been claimed" that it has been 
possible to determine ions down to 10-7 M. 


Other Types of Technique 
Turning now to other types of technique, Heyrovsky’s 
method is of special interest." In this, a 50 cycle sine- 
wave A.C. voltage is put across a polarographic cell, and 
also a D.C. component, so that the voltage can be made to 
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Fig. 8.—Heyrovsky voltage-time curves: (a) ‘‘ polarographically empty ’’; (b) reversible electrode process ; 
(c) irreversible electrode process. 
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swing from 0 to 2 volts on the cathode side. The voltage 
across the cell is applied to the Y-plates of a C.R. tube, 
while a linear time base is applied to the X-plates. A 
voltage-time curve is thereby obtained. 

If the solution is “ polarographic ally empty,” then a 
simple wave-form as in Fig. 8a is shown. However, if a 
reversible ion is present, then the wave contains a kink 
at the point where deposition occurs and another kink 
at the same voltage where re-dissolution occurs (see Fig. 
8b). If the process is not reversible, under these condi- 
tions, then these kinks will occur at different potentials 
(Fig. 8c). It is thus possible to study the degree of 
reversibility of many ionic and other electrode processes. 
This, indeed, has been the main use of the method. 

The kink arises from a change in the characteristics of 
the circuit. Grahame” has shown that the capacity of 
the double layer increases to a large value when deposi- 
tion occurs, and this results in a change in the phase 
angie between current and voltage. The curve is, there- 
fore, displaced along the time axis at this point. 

By switching in a 0-03 mF. condenser and a 1,000 ohm 
resistor, in parallel with the cell, and taking the output 
from the resistor, it is possible to obtain derivative curves, 
i.e., dE dt-t curves, see Fig. 9a. By a modification of 
the circuit, Heyrovksy'® also obtained curves for 
dE /dt-E. These are useful for determining accurately 
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Fig. 9.—-Heyrov- 
sky derivative 
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E} values, i.e., the points at which the peaks occur (see 
Fig. 9d). 

The C.R.O. has been used as a null indicator of high 
sensitivity by Gentry and Newson,'? who wanted a very 
rapid method for the routine checking of bulk batches of 
metallurgical specimens. A standard voltage, derived 
from a potentiometer, was compared with the voltage 
drop produced by the cell current flowing through a 
known resistance. This was done by means of a relay 
switching rapidly from one voltage to the other. On the 
C.R. screen a steady horizontal line was obtained, to- 
gether with another horizontal line which rose to meet the 
first as the drop grew. If balanced, the two lines met, but 
otherwise not. An accurate determination of the current 
was thus obtained, and it was claimed that duplicate 
determinations agreed to within 0-3. In this method 
the C.R. tube merely functions as a null instrument. 


IlI—APPLICATIONS 
Analysis 
By virtue of its high speed of recording and increased 
sensitivity, the single sweep cathode ray polarograph is 
superior to the conventional instrument. In a few 
seconds or less, the whole voltage range can be covered. 
After correcting for or eliminating the residual current, 
the maximal peak current is linearly related to the con- 
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NICKEL IN 
N KCI + 2N NH,OH 


CURRENT (i) 


VOLTAGE (E) 

Fig. 11.—Small additional maxi- 

mum arising with stationary 

platinum electrodes using single 

sweep method. 

centration. Due to this peaking effect the sensitivity is 
high, and the instrument is thus suited for routine 
determinations, for example, for the determination of 
impurities in metal ores. Randles has shown that his 
method is suitable for the determination of lead and 
cadmium in zine-base die casting alloys,® and indicated the 
applicability of the method to the estimation of metals 
such as thallium, cobalt, zinc and bismuth. 

More recently, Reynolds and Davis'® have described 
the use of the Davis and Seabourne instrument, and 
conclude that it is about 100 times as sensitive as the 
normal photographic polarograph. In addition, less 
trouble is obtained from external vibration. Using a 
derivative method, peaks less than 0-1 volt apart, e.g., 
thallium and indium in 0-1 M potassium chloride soiu- 
tion, were resolved with ease (see Figs. 10a and 10d). 
Ferric ions and chromate ions, too, were resolved in 
3N potassium hydroxide containing mannitol by Perkins 
and Reynolds,'* who found the C.R. method gave better 
discrimination while retaining the accuracy. 

A striking example of the increased sensitivity is 
shown in the method of determination of fluoride. The 
latter depresses the height of the wave given by the 
aluminium-Solochrome Violet R.S. complex, and it is 
claimed that a linear relationship has been obtained down 
to 0-001 wg./ml. It has been applied to the determina- 
tion of fluoride in bromine, hydrobromic acid and hydro- 
chloric acid.2° A difficulty which arises in such deter- 
minations is due to the impurities which occur in ordinary 
A.R. chemicals. Normally, these are small and insignifi- 
cant, but in such determinations their removal becomes 
highly important. 

The multisweep methods of Delahay and Sevcik give 
similar types of curve to those of Davis and Seabourne, 
but suffer from a high condenser current component, 
perticularly if the sweep rate is greater than 4 volts /sec. 
There is a further difficulty which is, however, more 
serious. If the anodic dissolution process is slow, due to 
some degree of irreversibility, or is kinetically controlled, 
depletion of the reducible species may occur at the 
el-ctrode interface, with a progressive fall in the maximal 
pak value, even after the introduction of a quiescent 
p riod. Moreover, if the process is kinetically controlled, 
t! nthe temperature coefficient may be greater than for a 
d fusion controlled process. This, in turn, means a 
g) ater overall dependence of the peak current value on 
t nperature, and a decrease in accuracy if the usual cell 
t nperature fluctuation is permitted. Delahay has 
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Fig. 12.—Heyrovsky dE/dt—E curve 

showing peaks due to Pb, Cd and In 

occurring in a zinc base alloy, obtained 

in alkaline cyanide supporting electro- 

lyte. Differences between anodic and 

cathodic curves arise from irreversibility 
of electrode processes. 


made a study of the various factors involved,*! and 
ultimately concluded that single sweep methods are 
superior.” 

In the above applications, the dropping mercury 
electrode has been the polarisable electrode. However, 
in the early work, Randles and Airey used stationary 
platinum electrodes, and found them satisfactory for a 
limited voltage range. To extend the range, amalga- 
mated electrodes were used. It is interesting to note 
that maxima may be obtained with these electrodes, as 
shown in Fig. 11 for nickel. In general, however, such 
maxima are comparatively rare, due to the rapid 
voltage sweep. 

More recently, Shain and Crittenden®* have used 
rotating platinum micro-electrodes. Using a circuit 
similar in principle to that of Snowden and Page, they 
investigated a number of anodic reactions involving 
iodide, iodate, ferrous and ferrocyanide ions and hydro- 
quinone. Though steady state conditions are established 
rapidly at this electrode, so that correct voltage curves 
can be recorded on the conventional recording polaro- 
graphs, there is a tendency for the current to drift with 
time in the region of the limiting current. The effect is 
particularly noticeable when several minutes are required 
to obtain the complete polarogram, as in the conven- 
tional methods. Using sweep rates of 0-1 to 1-0 volts, 
sec. to avoid this time delay, results were obtained with 
an accuracy comparable with that of the dropping mer- 
cury electrode. Heyrovsky’s derivative methods have 
been used for qualitative and quantitative applications. 
The dH#/dt-E curves have been used to determine E} 
values for a number of ions, since a sharp peak is given 
for each species which undergoes reaction at the elec- 
trode. Fig. 12 illustrates the results obtained for lead, 
cadmium and indium in a zine base alloy, using an alka- 
line cyanide supporting electrolyte. 

The dE/dt-t curves have been used for quantitative 
work, since the difference in area of the curves (represen- 
ted by the shaded area—see Fig. 9a) is a measure of the 
concentration of the reacting species. 
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Fig. 13.—Effects of irreversibility on 
current-voltage curves obtained by single 
sweep method. 


Current-Voltage Curves 
The theory of the current-voltage curves was investi- 

gated by Randles,™ who solved the diffusion equation, 
with appropriate boundary conditions, by a numerical 
finite difference method due to Emmons.” He obtained 
an equation of the form 

i, = 0-0242 FniCDimit,iat 
where n, c, D and m have the normal significance in 
polarography, t, is the time of the peak current value in 
secs., ¢, is the peak current value in micro amp. and a is 
the rate of voltage sweep in volts /sec. 

Independently, Sevcik®* solved the diffusion equation 

by a rigorous method and obtained 

i, = 0-0191 FniCDimit, iat 
thus differing only from that of Randles by the value of 
the constant. This anomaly is still unresolved, though 
most workers in this field consider that the Randles form 
is more appropriate. It was pointed out by Loveland 
and Elving®’ that ifa = 0 a value of 1, = 0 is obtained. 
This, of course, is not the case, since the normal Ilkovic 
«quation should then apply. To overcome this difficulty, 
they suggested that the Randles-Sevcik and Ilkovic 
equations should be combined in the form 

i, = + 0-00732K) 

where KX is a characteristic of the particular species. 
Whatever form of the equation is found to be most 
suitable, the important factor is the linear relationship 
between i, and the concentration, which enables the 
method to be used quantitatively. 


Reversibility of Electrode Processes 

The simple #£-t curves of Heyrovsky** have been used 
to determine £} values, but principally the method has 
been applied to the study of the reversibility of electrode 
processes. The alkali metals and monovalent ions 
generally appear to behave reversibly under all conditions, 
and give kinks in the cathodic and anodic branches of the 
curve at the same potential. With divalent and triva- 
lent ions, this is no longer the case, except apparently for 
Pb?+. Addition of chloride ions, however, causes a 
change from irreversible to reversible deposition for 
Cu*+, Bi*+, Sb*+ and In*+. From such studies, 
Heyrovsky concluded that one-electron transfers are 
generally reversible and rapid. Processes involving more 
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electrons are supposed to occur by a one-electron process 
followed by a dismutation process, such as 
Zn++-+e = 
2Zn+ —— + Zn+Znt+. 
dismutation 


The latter process is kinetic and normally slower than the 
electron transfer process, but is supposed to be catalysed 
by chloride ions, which act as electron carriers. So far, 
the evidence for this mechanism is small. However, the 
kinetic nature of the electrode process is supported by 
the effect of inereased temperature, which tends to 
bring the anodic and cathodic potentials closer together. 

Irreversibility, of course, affects the form of the 
curves in the single sweep methods, and leads to a 
flattening of the peak and an elongation of the wave. 
Fig. 13 illustrates the results obtained for Pb?+, Zn*+ and 
Ni*+ in 1-0M potassium chloride. Sevcik’s method also 
gives indication of irreversibility, since there is a return 
sweep. In this way the irreversibility of Cd?+ on 
addition of gelatin was illustrated. 


Other Applications 


Loveland and Elving?® have applied the Sevcik 
triangular sweep method to the determination of the 
differential capacity at the mercury surface, which is 
important in the study of electrical double layers. By 
using known mercury drop areas, and comparing the 
curves with that of a standard capacity, this quantity 
can be evaluated. The capacity current at any instant 
is proportional to the differential capacity and the rate of 
voltage sweep. Since both branches of the Sevcik curve 
are symmetrical, it is reasonable to assume that the 
double layer is formed in an interval of time small com- 
pared with the sweep time. In the presence of small 
amounts of reversibly reducible substances, Grahame*® 
found that the capacity values increased enormously 
in the region of the #} values from, say, 10—40pF. 
sq. em. to values > 1,000 pF./sq. em. 

Oscillographie polarography is ideally suited to the 
study of fast reactions where either a reactant or product 
is reducible at the electrode. There is probably a great 
future for this type of application, particularly where rate 
constants are inaccessible by other method. 

Snowden and Page'® used the method to follow the 
decomposition of azo and diazo compounds under the 
influence of light and heat. Thus the thermal decomposi- 
tion of diethylamino diazonium chloride at pH 4-2 at 
50° C. was found to follow a first-order rate equation, 
whereas the irradiation of p-toluidine diazonium chloride 
at pH 3-0 gave a linear relation between concentration 
and time, showing a zero order reaction. 

Randles and Somerton*! have studied the application 
of an A.C. curve to the dropping mercury, micre plati- 
num, gold and silver electrodes, and have thereby 
calculated the rate constants for a number of electron 
exchange reactions, such as Fe*+/Fe*+, Fe(CN),* 
Fe(CN),*, V2+/V*+, Cr*+/Cr3+, Ti*+/Ti*+ and metal ion 
exchange reactions such as Cd?+, Zn*+, Sn**, 
Cu(NH,),+, and others, in a variety of supporting elec- 
trolytes. By considering the electrode system as an 
equivalent circuit of resistances and capacities, it was 
found possible to express the complex impedance of the 
electrode reaction itself in terms of the frequency and th: 
rate constant k. The equivalent resistance and reactanc: 
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of the reaction R, and _ are related as follows :— 
RT 
R, = (a) 
l RT 2 
RT 
from which is obtained k = Pde l 
R, 
wt, 


where R, 7, n, F, c, D have their usual significance, A is 
the area of the electrode, and w the angular frequency 
of the applied, A.C. 

In view of its versatility of application, its rapidity of 
recording, and its sensitivity, it is perhaps a little sur- 
prising that the cathode ray method has not received 
greater attention. There are probably two reasons for 
this. The first is the cost of the equipment. This is 
fairly high, but improvements in circuitry and a more 
general demand would reduce this to a figure within the 
reach of the ordinary laboratory. Secondly, lack of 
publicity of the potentialities of the method, particularly 
in the more popular journals. 
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Coke Research Centre 


N his opening speech to the Seventh Conference of the 
British Coke Research Association, held at Church 
House, Westminster, London, 8.W.1, on November 

7th, Mr. Lestre O'Connor, C.B.E., Chairman of the 
Association, announced that orders have now been placed 
for the erection of a new Coke Research Centre for the 
Association at Chesterfield, Derbyshire. The site for the 
Research Centre has been leased from the National Coal 
Board and is adjacent to its Avenue Coking Plant, 
which was officially opened by the Minister of Fuel and 
Power, on Tuesday, 30th October, 1956. 

The Coke Research Centre will comprise laboratories, 
offices and a full-scale test coking plant, and the total 
cost of the scheme will be £500,000. The main contractors 
for the experimental coking plant are the Woodall- 
Duckham Construction Co., Ltd., who were also respon- 
sible for the Avenue Coking Plant. The offices and 
laboratories will be built by Thomas Beighton, Ltd., of 
Brimington, near Chesterfield, the architects being 
Westwood, Sons & Harrison, London. 

Mr. O’Connor said that this project was the realisation 
of an ideal long cherished by the coking industry. It 
would include equipment for carbonising coal on a scale 
directly comparable with normal coke oven practice, and 
the coking industry would at last have the large scale 
facilities to examine problems of direct concern to the 
practical man in the industry. The project has the full 
support of the members of the Association, comprising 
the National Coal Board, the iron and steel industry and 
the independent companies operating coke oven plants. 
In .ddition, the Gas Council, as an associate member, is 
als. contributing towards the cost of the new research 
cen‘re. The major coke oven constructional companies 
are also supporting the scheme. The British Coke 
Re- arch Association is one of the industrial grant-aided 
res: arch organisations coming under the aegis of the 
De artment of Scientific and Industrial Research, and 
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it was gratifying to note that the Department has given 
these new developments their fullest support and are, in 
fact, contributing about 20% of the total cost of the 
project. 


The project includes the following facilities: head- 
quarters accommodation, and general services ; research 
laboratories for chemical, physical and fundamental 
studies; large scale testing facilities, comprising one 
full-sized silica coke oven complete with regenerative 
heating system and by-product plant; and compre- 
hensive blending equipment for the above oven, based 
on the most advanced modern knowledge, including 
facilities for the addition of various constituents to the 
coal, and for special pre-treatment of the charge to the 
oven. There will also be provision for the future 
installation of special types of carbonising plant. Apart 
from the laboratories mentioned there will be, adjacent 
to the large-scale test plant facilities, a general workshop 
laboratory for intermediate scale test plant, for plant 
development work and for the study of new methods of 


carbonisation. 


The plans which are now being put in hand are, in 
fact, the implementation of the Association’s policy of 
centralisation of its research activities. The present 
facilities of the Association have developed from regional] 
interests and loyalties, and are based on laboratories in 
Sheffield, Newcastle, Glasgow and Pontypridd—all 
controlled by headquarters in London. The new Coke 
Research Centre will take on to one site the wide range 
of research activities now carried out at these individual 
stations, and will enable the scope of the work to range 
from the realm of X-ray investigations to the study of 
technical problems on an industrial scale. Construction 
work on the site has actually commenced, and the 
laboratories will be completed in approximately eighteen 
months’ time. 
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Twin-Arc Welding for Hard Surfacing Scraper Blades 


the hard surfacing of scraper blades for earth 

moving equipment by the Edinburgh firm of 
Donald Grant and Sons, Ltd., has resulted in a saving 
in time of 40°... The firm formerly used single electrode 
welding, but recently decided to use the Twin-Are 
process, with twin-cored electrodes. As a result of the 
changeover, together with carefully planned use of 
manipulative equipment, there has been a substantial 
increase in production, welds are more even and 
contours improved, and the time taken for each blade 
has been reduced from 3 hr. to | hr. 48 min. 

Seraper blades are manufactured from  carbon- 
manganese steel, having maximum contents of 0-30°, 
carbon and 1-70°, manganese. The material is quenched 
and tempered to a minimum Brinell hardness of 240. 
The hard surface deposit on the scraping edge of the blade 
must be able to withstand the very severe abrasion 
encountered in all kinds of country and still retain a 
scraping edge. The welds, therefore, extend to approxi- 
mately 2} in. from the edge of the blade. 

Formerly, single electrodes were used to weld the 
blades, but the long deposit length—approximately 8 in. 

required frequent changes of electrode, and the sub- 
sequent cooling and reheating made the welds uneven. 
A staggered procedure was employed to reduce this, 
and the blades were surfaced with the welds at right- 
angles to the scraper edge. Even this, however, proved 
hoth slow and costly. 

The Twin-Are process comprises an oil-cooled trans- 
former having a modified 3:2—phase Scott connection. 
This takes a balanced load from the supply mains and 
delivers a 2—phase output through the specially designed 
electrode holder to the twin-cored electrode. The 2—phase 
secondary currents are 90° out of phase, in order to 
maintain the are continuously at one or other of the 
electrode cores. Twinned 6 s.w.g. Duriod No. 3 electrode 
was tested under field conditions and found to produce 
welds of the required quality, the deposit being a carbon- 
chromium-molybdenum-vanadium steel of approxi- 
mately 700 V.PLN. 

Before welding, the blades are mounted in pairs on 
turntables rotating on trunnions. This reduces the 
operator's handling and maintains the highest actual 


| i of the Twin-Are manual welding process in 


welding time. When the first pair of blades are com 
pleted, the table is rotated and the second pair welded 
By using a second pre-loaded turntable, and then alter 
nating from one table to the other, the operator's 
efficiency and welding time are further increased. 

By the Twin-Are method, the welds run parallel wit! 
the blade edge, each pass overlapping the preceding one. 
Smooth runs, approximately 16 in. long, of very heavy 
deposit are achieved without breaking the arc, and 
a staggered technique is therefore unnecessary. The 
two blades in each pair are welded together along the 
cutting edge, being preset § in. at the centre. This 
ensures a sharp edge, the blades parting as the metal 
contracts during cooling. 

Quasi-Are, Ltd., are the sole concessionaires for Twin- 
Are welding plant, which is manufactured by the 
General Electric Co., Ltd. The process has a variety 
of welding applications from shipbuilding to heavy 
constructional engineering fabrication, and is also used 
for a wide range of reclamation and hard surfacing work. 


Institution of Metallurgists 
Refresher Course 


THE Institution of Metallurgists held its annual refresher 
course this yearat Llandudno from October 19th to 21st, 
when over 250 members—a record number—attended. 
The general theme of the course was the effect of 
temperature on metals, and four excellent papers were 
presented. 

At the first session of the course, two papers were 
presented—the first by Dr. N. P. ALLEN (N.P.L.) on 
* The Engineering Properties of Metals at High Tempera- 
tures,’ in which he gave a most valuable resumé of the 
basic factors of creep, scaling, fatigue and other proper- 
ties as affected by temperature. This was followed by a 
paper by Mr. W. E. Barpcert (United Steels Research 
Laboratories) on “* High Temperature Steels,” in which 
the author drew on the extensive researches carried out 
in his own laboratory and elsewhere, and imparted a 
great deal of valuable information on the steps taken by 
the metallurgist to understand the phenomena involved, 
and then to improve the products of the industry. 

The second session was devoted to two papers on the 
non-ferrous metals, the first by Dr. L. B. Prem (Mond 
Nickel Co., Ltd.), who dealt with developments in the 
heavy non-ferrous metal field in his paper * High 
Temperature Non-Ferrous Materials.” The second 
speaker was Mr. G. MEIKLE (Royal Aircraft Establish- 
ment, Metallurgical Department), who dealt with the 
light metals in a paper ** Behaviour of Certain Metals at 
Temperatures up to 450° C.””. Each paper was followed 
by discussion, and the four papers will now be published 
by the Institution. 

In addition to the technical sessions, a visit was paid 
to the works of Aluminium Corporation, Ltd., at 
Dolgarrog, where the production of aluminium sheet and 
strip, the blanking of circles and the production of special 
finishes was seen. On Saturday evening there was a film 
show which included the colour film “‘ The Kitimat 
Story.” 
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Smethwick Drop Forgings 
FOR GOOD! 


SMETHWICK DROP FORGINGS LTD. 


ETALLURGIA, December, 1956 
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\ X-RAY FILMS 
FOR INDUSTRIAL RADIOGRAPHY 


ILFORD LIMITED - ILFORD - LONDON 


METALLURGIA, December, 
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Stein 
Magnesite 


Stein 
Mag C 


Nettle 
Myrtle 


BASIC ELECTRIC 
STEEL FURNACES 


Here is a combination of refractories designed 
to give long life, maximum output and 
minimum refractory cost 


STEIN MAGNESITE Hearth up to slag line 


STEIN MAG C Side Walls. Jointing 
with steel plates is 
specially recommended 


NETTLE Furnace Roof 
MYRTLE 42°, Alumina 
96%, Silica 


JOHN 6G. STEIN & Bonnybridge. Scotland 


TEL. BANKNOCK 255 ¢.« LINES) 
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good job better 


Copper and its alloys comprise a wide 
range of materials which, by virtue 
of their unusual combinations of 
mechanical, electrical and corrosion- 
resistant properties, are essential 

in most industries. 
The C.D.A. technical services are 
available, without charge or 
obligation, to help industry to make 
the best and most efficient use of 
copper and its alloys. 


FIRST ASK THE C.D.A. 


GS 


COPPER DEVELOPMENT ASSOCIATION - KENDALS HALL - RADLETT - HERTS - RADLETT 5616 
METALLURGLIA, December, 1956 


Makes light work of it 


Light work for the draughtsman in two 
vital ways; he’s specifying MAGNESIUM, the 
lightest structural metal in existence, 
and he can lighten his own load by 
calling on M.E.L’s technological experience. 
The M.E.L. service begins right 
on the drawing board. Technical experts 
will advise on the application of 
the metal and choice of alloy, 
and M.E.L. workshops will undertake the making of prototypes. 
No firm knows more about magnesium than M.E.L. As producers, 
founders and fabricators, they provide a comprehensive and 


unique service to all who wish to exploit lightness by using magnesium. 


Mls gnesium Biektron Giimited 


CLIFTON JUNCTION MANCHESTER 
London Office: 21 St. James’s Square, SW1 
In U.S.A.: Magnesium Elektron, Inc. New York 20. 
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BRIGHT STEEL 


ROUNDS HEXAGONS - 
SQUARES -FLATS ¢ SECTIONS 


THE 


STEEL C? 


Nr, BIRMINGHAM 8 CHATHAM ST. 
HALESOWEN 1191 MANCHESTER 1 CEN. 0413 


INTRODUCING 


an entirely new 
UNIVERSAL TESTING MACHINE 


of 10-20 tons Capacity 


T42 C2 (5 capacity). 


MODEL No. T42 Cl (4 capacity) ; 


A self-indicating Universal Testing machine embodying many 
outstanding developments. The load is accurately measured 
through knife-edged weighing levers and all controls are conveniently 
grouped for easy operation. 

Available with 28 PH Autographic Stress-Strain Recorder using 
high magnification Patent Mechanical Extensometer operating 
direct from specimen. No. 36 Load Pacing Disc can be fitted 
where loading at constant rates is desired. 


May we send you further details ? 


Established 1st January, 1820. 


SAML. DENISON & SON LTD. 
—eNSie HUNSLET FOUNDRY, MOOR ROAD, LEEDS 10 
Phone: Leeds 75488. Grams ; “* Weigh, Leeds 10.” 


Grams : “ Denwatest, Sowest, London.” 


London Office: Terminal House, 52, Grosvenor Gardens, London, S.W.1, Phone: SLOane 4628. 


Midlands Office: White House, 111, New Street, Birmingham, 2. Phone; Midland 3931. Grams: “ Weigh, Birmingham.” 
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We are license By Rabe British Standards Institution te tse 
which certifies ine Alloy Die-Castings comp] 


all our production in other me 


In addition to BS. control of 
by our own 


the high standards we have imposed cost 
you no more 


DYSON & CO., ENFIELD (1919) LTD. 


SOUTHBURY WORKS PONDERS END MIDDLESEX 
TEL. : HOWARD 1484 
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9 
ali 
oveD 
“ 
it isno wit 
pthe Kite Mark ae 
he requirements A 
die ting produced by us— 
to strict quality control 
Laboratory. 


FOR THE 
AIRCRAFT INDUSTRY 


Brayshaw Elevator type Air Recirculation furnace for 
Solutionising and Annealing Aluminium Alloys. 


STANDARD RANGE INCLUDES 


Recirculation Furnaces. 


Automatic Electronic Mechanised Furnaces. 


Salt Bath Furnace;. 


Tool Room Furnaces. 


Heat Treatment Salts. 


Brayshaw Controlled 
Atmosphere Pusher furnace 
supplied to Rolls-Royce Limited 

for Compressor Blade production, 


a = Brayshaw Rectangular Salt Bath furnace for the heat Part of a 50 ton consignment of ** Alumelt '’ heat treat- 
ment salts being despatched to Messrs. Vickers- 


treatment of Aluminium Alloys. 
Armstrongs Limited, Swindon, for Aircraft work. 


BRAYSHA 


BRAYSHAW FURNACES & TOOLS LTD., BELLE VUE WORKS, MANCHESTER, 12 


Telephone: EAST 1046 Telegrams : “‘ HARDENING,” MANCHESTER 


IMustrated literature on Gas, Oil and Electric 


furnaces and descriptive leaflet on the “« Use 
of Fusible Salts for heat treatment,” available 


on request. 
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Hot Bloom and Slab Shear 
(Down-adjusting up-cutting 
type, 350 tons blade load) 


& COLD ROLLING 


ROLL LATHES 
HOT & COLD SHEARS 
HOT SAWS & REELERS 
STEEL WORKS PLAWT & AUXILIARIES 


. 
4 
‘ 
« OLD ROLLING MILL 
ROLLS FOR 
HE BRIGHTSIDE FOUNDRY & ENGINEERING. CO. LTD. | 
BS 53 
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TESTING MACHINES 


BRINELL HARDNESS TESTER 
RADIAL ARM TYPE FOR LARGE WORK 


Clearance: Vertical 3 to 38 ins., Radial 8 to 24 ins. 


The arm is readily raised and lowered 
to the position required and the radial 
movement effected without effort. 


OTHER HARDNESS-TESTING MACHINES 
AVAILABLE 


ALPHA IMPACT TESTING MACHINE 


(Charpy’s System) 


Capacity 10 or 15 Metre-Kilogrammes 
For use with notched Test Bars 
Impact effected by means of pendulum 


ALPHA CARBOMETER 


TO DETERMINE CARBON CONTENT 


For rapid and accurate magnetical determination of CARBON in Steel Baths. 
Time of making Test-14 to 24 minutes including preparation of specimen. 
Accuracy—the same as with Chemical Analysis. PROVIDES COMPLETE 


CONTROL OF BATH. Used in the leading Steel Works of the World. 


JACKMAN 


AND COMPANY LIMITED 


VULCAN WORKS, BLACKFRIARS ROAD 
MANCHESTER 


"Grams: Blast, Manchester 


"Phone: Deansgate 4648 9 
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Stewarts and Lloyds Ltd., Corby 
report 


from OPEN HEARTH itt with 
Panel of rOM poc-Houses wit 
FERROCLAD 30 Bricks 
taken from dog-house \ , 
after 600 heats R 

Only 150 heats were obtained from dog-houses constructed 
with normal chrome-magnesite bricks. Using G. R. 
Ferroclad* 450 to 600 heats are now obtained without 
patching; flame direction is improved, a factor which 
extends roof life because of less severe impingement. 
Thanks to an ingenious method designed at Corby of 
laying the bricks herringbone fashion, over a 1" steel 
former, squares only are used except for the arch bricks 


in the nose of the dog-house. This has been adopted as 
standard practice. 


No Patching 
Almost entirely built of squares 


but Ferroclad 30 is now assistance on the selection 
vsed throughout. and application of Refractories 


ilahl, 
he illustrations show gen- aati — 
ral construction and the 


GENERAL REFRACTORIES LTD 


‘ter 600 heats. 
GENEFAX HOUSE SHEFFIELD 10 Telephone SHEFFIELD 31113 
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HOUGHTO-SOLV 


Oil Fuel Additive for 
Industrial Use 


Makes Sludge burnable and keeps 
the system clean 


Houghto-Solv W, a speedy Houghto-Solv W, added 
and effective fuel oil additive, 
completely removes sludge 


to the fuel oil in the 

storage tanks, quickly 

from fuel oil systems. It 

eliminates time wasting opera- Nozzles. 

tions by dissolving the sludge 

(without closing down the 

system) and allowing it to 

burn with the fuel oil. Thus, 

you burn all the fuel oil you 

pay for and eliminate expen- 

sive cleaning jobs. 

We have pioneered the 

development of many spec- 

iality§ products of which 

Houghto-Solv W is an out- 

standing example. 
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heat-treatment, for ensuring 
dimensional! stability im certain alloy steels, 


“DRIKOLD’ the solid carbon 

dioxide sold by Imperial Chemical © 
Industries Ltd., is a convenient, 
clean, dry, low-temperature 
refrigerant. Its use needs only 

the simplest of equipment. 


"nquiries to : 
“MPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
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SUB-ZERO TREAGMENT OF STEELS 
a process supplemeatary to orthodox 
> 
DK.202 


improves product 


BIRLEC induction heaters in the forging industry are giving cleaner forgings» 


s, Maintenance is reduced and the 


greater output and lower production cost 


work is of uniform high quality. 


Hub compon 
for a popular car 
forged by the 
installation 
illustrated. 
* Uniform temperature through- 
out each billet ensures better 
filling of dies with reduced flash. 


* Regular, timed ejection of cor- 
rectly heated billets keeps press 
operating at full capacity. 

* Magazine feed enables one load- 
er to supply several heater/ 
press installations. 


* Rapid heating reduces scaling, 
improving die life and surface = Type dua two station 
finish of work. 
* Quick changeover between sizes Nominal rating --- wat we 200 kw. 
of work with correct heating 
conditions for each. Heating capacity--- $ ton/hour 
* Economy in power and labour, 
with no standby oF heat-up pillet diameter 
losses. 
= Billet feed automatic 
Space-saving layout for mini- 
mum handling and operator Power (1d/kKWH) £2.5.0. per ton 
fatigue. 
Pleas 
i a e send me Publication No. 125 on forgi 
urther process details about 
POSITION MITED 
r of the 


§ company i 
ERDIWNGTON 


ld LONDON SHEFFIELD an M 24 
+ GLASGOW NEWCA 
STLE-ON-TYNE 
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For the Measurement and Control of PRESSURE, SUCTION, 
FLOW RATE, TEMPERATURE, LIQUID LEVEL, LIQUID 
INTERFACE LEVEL, DENSITY, COMBUSTION, FLOW RATIO. 


Electroflo Measuring & Control Instruments giving 


TEMPERATURE CONTROL with 5 SAFETY FEATURES 


J 


PROTECTION of CONTINUOUS PLANT. 


Diagrammatic layout of a typical control 
system designed to afford maximum pro- 
tection for furnace and load. A 3-zone 
gas-fired continuous furnace hasacontroller 
(1) on each zone whilst a 3-point recording 
pyrometer (2) provides continuous records 
of each temperature. Duplex thermo- 
couples (3) ensure a self-checking system. 
Controllers vary the flow to respective 
zones by motorised valves (4). ith air 
at pressure similar valves are used in the 
air lines, the provision of a pressure-switch 
and magnetic valve ensuring that gas is cut 
off on failure of air supply for any reason. 
Recorder is fitted with high temperature 
alarm device, and should the temperature 
of »ny zone exceed a predetermined maxi- 


mum, warning is given to operating staff 
by Klaxon horn (5) and/or signal light (6). 
The alarm circuit can also be used to cut off 
the gas. 

The controllers have a device which pro- 
tects the furnace should any of the control- 
ling thermocouples fail. 


SAFETY FEATURES 


(1) Duplex thermocouples and separate 
reading instruments ensure a self-checking 
system. 

) Thermocouple failure automatically 
cuts off gas. 
(3) Recorder/alarm system (a) gives warn- 
ing of excess temperature (b) cuts off gas. 
(4) Failure of air supply cuts off gas. 
(5) Failure of electric supply cuts off gas, 


METERS COMPANY, LTD. 


Head Office: Abbey Road, Park Royal, London, 
N.W.10. Factories: Park Royal, London and 
Maryport, Cumberland. 


Te Gor 7641/8 Grams and Cables: Elflometa London Telex. Telex No. 2-3196. 
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I AUTOMATIC 
CONTROLLER 


Electrofio Series 154 mechanically 
operated Control Pyrometer to give 
2-position or 3-position control, used 
with Motorised Valves, Thrustocr 
Units or Series 135 Valve Regulators. 
Electronic Controllers—Series 156 
—are alternatively available. May 
be calibrated for use with all boy 
‘ubes. 


2 MULTIPOINT RECORDER 


Electrofio Series 103 Recording 
Pyrometers are available in single 

int, 3-point or 6-point models. 

ay be fitted with Electronic High 
Alarm feature or 2-position Control 
System. Record is made in con- 
trasting colours on 6” wide 1,000 hour 
chart which is automatically re- 
wound or can be cut off as required. 
Timed and driven by A.C. syn- 
chronous clock. 


3 THERMOCOUPLES 


Electrofio Thermo- 

couplesare available 
in all combinations 

of element wires and 
protection sheaths 
and can be supplied 
for practically every 
temperature mea- 
surement applica- 
tion. In the Duplex 
Models two entirely 


separate elements 
are fitted into one 
sheath. 


4 MOTORISED 
VALVES 


These valves ensure 
flexibility of instal- 
lation and avoid the 
necessity of special 
pipework construc- 
tion especially when both gas and 
air or oil and air are to be controlled. 
2-position and 3-position valves 
are available. 


Meters & Controls ies, 
15 


on FirRED STRESS RELIEVING rurnaces 


Installed for The English Electric Co. Ltd., Rugby 


Mathison Vertical Flame Applica- 
tion with no flame impingement 
on the stock ; Fuel consumption 
> for a 60 ton load for the stress 
relieving or tempering process = 
10 gallons per ton of castings 
treated ; Furnace equipped with 
recuperator ; perfect uniformity 
of heat distribution ; maximum 
fuel economy with accurate means 
of temperature control. 


THE CHARGING 
MACHINE holds two large 
bogies approximately 34 ft. long x 
16 ft. wide carrying a load of 
60 tons of castings each; that 
is 120 tons on the machine. 


The INTERNAL DIMEN- 
SIONS of the Furnace are 32 ft. 
long x l6ft. wide x 13 ft. effective 
height, fired by means of Brito- 
leum fuel oil, or clean gas, 
equipped with Automatic Pyro- 
metric Control Gear with record- 
ing controllers regulating the 
temperature on the charge on a 
6-point record to plus or minus 


RECIRCULATION of hot 
gases up to 600°C. for tempering 
and stress relieving ; annealing 
and normalising up to 900°C. 


JOHN "MATHISON LTD. (ENGINEERS) HUTTON 
»»  GUISBOROUGH, YORKSHIRE 
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TRUCAST 


USE R.M.C. 
CRUCIBLES 


© Made to individual requirements. 


Where purity of castings is required it pays to specify Refractory | © Rapid delivery. 


Mouldings & Castings crucibles. Whether you are melting by arc or | © Close tolerances. 
high frequency, they provide good resistance to thermal shock, and ! © Good resistance to thermal shock. 
resist erosion. ‘These are a few of the reasons why Trucast and the | , Rooks count. 
other leading Precision Casters depend upon R.M.C. refractories. ; ' 
© Fewer inclusions. 


Deliveries are good. Why not write for further information ? © Fer samperataree up to 200°C 


WE ALSO MAKE SPECIAL REFRACTORIES TO CLOSE TOLERANCES FOR A WIDE | | 
VARIETY OF APPLICATIONS FOR RESEARCH AND DEVELOPMENT WORK. ee 


REFRACTORY MOULDINGS & CASTINGS LTD 


PLEASANT PLACE, HIGH STREET, KEGWORTH, NR. DERBY 
Telephone: KEGWORTH 429 Telegrams: AREMCEE, KEGWORTH 


anal 
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Aluminium Bale Out Furnace . Tilting Crucible Furnace 

Cyanide and Preheating Pot Furnace Oil Fired Rotary — Furnace 

Gas Fired Semi-Muffle Furnace Portable Rivet Heating Furnace 

Gas Fired Studio Pottery Kiln Gas Fired Rotary Hearth Furnace 

Oil Fired Forge Furnace . Eddy Flame Oil Burner 

Cyclone Forge and Reheating Furnace . Vertical Forced Air Circulation Furnace 
High Speed Section Heating Furnace . Eddy Ray Gas Burner 

Double Deck High Speed Steel Tool Furnace . Gas Fired Saltbath Furnace 


I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


We offer a wide range of special Furnaces, ‘‘ tailor made ’’ to individual requirements 


Thermic Equipment & Engineering Co. Ltd., 


(Subsidiary Company of Gibbons Bros. Limited, Dudley) 
SALMON STREET, PRESTON ~~ TELEPHONE: PRESTON 56254/5S. * TELEGRAMS: THERMIC-PRESTON 


METALLURGIA, December, 


x 18 


Higher thermal 


efficiency 


M.I. low heat storage refrac- 


Lower fuel tories —as hot face or 


backing insulation — make 
consumption a big contribution to 


fuel economy 


Faster working... 
things about which 


it can pay you hand- 
somely to consult... 


O G A N € whose insulating materials 


ef ractories 


are achieving these results 
HICH DUTY AND INSULATING BRICKS — CASTABLES AND MOULDABLES — TUBES AND HOLLOW WARE 


For ‘orther information, please write to:— 


MO GAN REFRACTORIES LTD., NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 
NE 111 
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WHERE THE EMPHASIS IS ON 


Precision 


WILD 
BARFIELD Gas Carburising at BLAW KNOX Ltd. 


Equipment for earth moving must be rugged and all its components absolutely 

reliable. To meet these requirements, the pinions, gears and shafts used in the 

Blaw Knox “BK-Fifty” Excavator are gas carburised in Wild-Barfield equipment. 
Precise control of depth and type of case is afforded by both Wild-Barfield 


gas carburising processes —the “P.T.G.” and “Carbodrip” drip feed. 
We shall be glad to send full details on request. 


WILD-BARFIELD CREATES THE RIGHT ATMOSPHERE 


ELECTRIC 


FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines) 
v 
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AND 
Quality 


.. but for Rolling Steel... 


The great strength and quality of Closeloy Rolls has 
proved them second to none in Rolling Mills throughout 
the World. Closeloy Rolls are made in the largest range 
of qualities produced in Britain. 


CLOSELOY ROLLS 


are unsurpassed! 


ARMSTRONG WHITWORTH (Metal Industries) LTD. crose works, catesHEAd 8, Co. DURHAM. 


ye IN ASSOCIATION WITH JARROW METAL INDUSTRIES LIMITED, WESTERN ROAD, JARROW. 
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Beta and gamma ray gauges have been 
the accepted method of measuring the thick- 
ness of strip and sheet metal for some time. 
But there was a snag! The top limit of beta 
sources has been about 0-020 inches of steel, 
while the lower limit for gamma rays has 
been about 0-250 inches. This gap—covering 
a most important range for many rolling 
mills—has now been closed ! 


With the introduction of a novel method of 


applying beta radiation sources, Baldwin has 
evolved a nucleonic gauge utilising the 
** Bremsstrahlung ”’ radiation which success- 
fully measures thicknesses in this vital range. 


Vital thickness range (020—25") 
covered by new Baldwin gauge 


The Baldwin BREMSSTRAHLUNG Gauge 
incorporates all the many advantages which 
their beta and gamma gauges have over the 
other means of measurement used in the past. 
By using one or other of the Baldwin 
gauges, it is possible to measure over the 
range 0-000§ inches to several inches of steel. 


Please send for further details of this 
outstanding Baldwin extension to the range of 
nucleonic instruments. Ask for leaflet K-124. 


scientific instruments 


BALDWIN INSTRUMENT CO. LTD. - DARTFORD - KENT DARTFORD 2948 
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Improved Vacuum-Fusion Apparatus 
for the analysis of gases in metals 
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This improved vacuum-fusion apparatus has 
been developed for the rapid, simultaneous 
routine determination of residual oxygen, 
hydrogen and nitrogen in metals. Intensive 
research over the past decade has clearly 
demonstrated the influence of these gases on the 
properties and structure of metals and alloys. 
Careful control has therefore become an 
essential condition of metallurgical operations. 
With this new apparatus, a sample may be 
analysed in 6-10 minutes, the guaranteed 
accuracy being 0.0002 ml., thus allowing gas 
volumes as small as 0.2 ml. to be investigated. 
Complete evacuation is possible within a few 
minutes and temperatures of up to 2,400 C. 
may be achieved. 


The micro gas analyser, entirely new in con- 
ception and design, combines speed with 
simplicity of operation. It is maintained at a 
constant temperature to within + 0.05° C. bya 
special micro-thermostat circulator. Its ex- 
treme accuracy makes it particularly suitable for 
metals with a low gas content where measure- 
ments are reproducible to within 0.00003%. 
A new type of mercury membrane pump with 
a considerably increased output also forms 
part of the apparatus. 

Arranged for speedy and convenient operation, 
the vacuum-fusion assembly is mounted on a 
special bench which also incorporates a control 
panel. 

For further information please write to :— 


SHANDON) 


SHANDON SCIENTIFIC COMPANY LTD. 


6, CROMWELL PLACE, LONDON, S.W.7 
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at each Area Gas Board you will find 


engineers with a surprising knowledge of it. 


Through a National Committee they 


pool their experience with their 


colleagues up and down the country. 


They have access to International 


information on gas for all purposes 


through a comprehensive Information 


Bureau in London. 


Behind them highly qualified research 


and development teams maintained by the 


Gas Industry constantly increase 


fundamental knowledge on the smokeless 


and ethcient usage of gas. 


So it is that these Industrial Gas 


Engineers at the Area Gas Boards do 


not walk alone !— 


You can benefit from this exceptional 


technical service organisation of which 


they are a part. 


consult your area gas board 


ISTRY MAKES THE BEST USE OF THE NATION'S COAL 


The Gas Council, | Grosvenor Place, London, S.W.! 
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Stress relieving 


The ultimate success of welding resides in controlled stress 
relieving afterwards, Lloyds insist for safety's sake 
that all marine boilers are normalised or stress relieved. 
Gas-fired normalising furnaces with fitty tons or more 
on the bogie, maintained to a close time-temperature 
schedule, do this job effectively, The Industrial 
Gas Engineers at your Area Gas Board have 
considerable know ledge of all heat treatment 


problems which they will gladly pass on to you, 


WHATEVER YOUR BUSINESS—The Gas Industry appreciates the needs of individual 
consumers for prompt service and for advice which accords 
with the customer’s special circumstances and requirements. 
Each Area Gas Board offers efficient service to users of 
gas-fired equipment and can give expert advice 
based upon the pooled knowledge of all the Boards and 


of gas users in other countries. 


= CONSULT YOUR AREA GAS BOARD 


ISSUED BY THE GAS COUNCIL 


THE GAS INDUSTRY MAKES THE BEST USE OF THE NATION’S COAL 
METALLURGI 4A, December, 1956 
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Available in High-Conductivity Copper, 
De-oxidised Copper and De-oxidised 


Arsenical Copper to the appropriate B.S. 3 
Specifications. Other grades of copper G OPP ED FR 
and copper alloys can also be supplied. 


Your enquiries will receive prompt 
attention. 

Our Technical Advisory Service is 
always freely at your disposal, to answer 
your queries and to assist with your 


problems. WIRE BARS + BILLETS - CAKES - INGOT BARS - INGOTS 


BRITISH COPPER REFINERS LIMITED 
PRESCOT, LANCS. Tel: PRESCOT 6571 
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HIGH VACUUM FURNACE 
TYPE F25H 


The VIA-VAC F.25 High Vacuum 
Furnace is specially designed to melt, 
cast or sinter metals at low pressures, 
using resistance or high-frequency induc- 
tion heating. 

The new range of VIA-VAC furnaces 
satisfy two main demands. 

(1) Operation, for the purification of metals with the charge hot, at 

pressures below those of dissociation of the oxides. 

(2) Quick access to the mould without the danger of thermal shock to 

the crucible of the loss of time to permit adequate cooling. 

The adaptability and flexibility of this furnace with the provision of 

adequate pumping system which forms the basis of the plant together 

with a variety of interchangeable chamber fittings gives scope for rapid 
conversion to meet special needs. 


Write today for technical illustrated leaflet giving full details of this flexible 
High Vacuum Furnace. 


HIGH VACUUM 
V | A CONSULTING 
"SERVICE 


INDUSTRY 


1} ACUUM INDUSTRIAL APPLICATIONS LTD., WISHAW, LANARKSHIRE 
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For dry jointing of guide tubes without sand backing, machined trumpet 


casings demand guide tubes of close dimensional accuracy and shape. 


Marshall’s bricks of this nature meet’ these stringent specifications. 


THOMAS MARSHALL & CO. (LOXLEY) LTD., STORRS BRIDGE WORKS,"LOXLEY, Nr. SHEFFIELD. Tel. 43844-5-4 
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TOWNS GAS 
BUTANE 


MECHANICAL HANDLING “EQUIPMENT 
AND MILD STEEL. FABRICATIONS OF EVERY DESCRIPTION. 


LUCAS FURNACES LIMITED 


MOUNT WORKS, WHARTON ST. NECHELLS - 
BIRMINGHAM. 7 
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Shear Blades 


We manufacture shear blades up to the largest sizes for both hot and cold work. Grades 


of steel available include ‘* 476 *’, a highly abrasion resistant, long wearing material for 
the cold shearing of strip and sheet ; ‘‘ C.M.W."’, a hot work steel for billet shearing 
combining toughness with resistance to thermal shock and resistance to softening 


under heat ; “‘“SABEX"’ hot work steel for applications requiring maximum red hardness. 


The hot billet shear with blade of ‘* C.M.W."" steel is illustrated by courtesy of The Loewy 
Engineering Co. Ltd., Bournemouth. 


SABEN 


SANDERSON BROTHERS & NEWBOULD LTD., ATTERCLIFFE STEELWORKS, SHEFFIELD. EST. 1776 / PRODUCT 
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A universal 


progressive 
hardening 
fixture 


Here is a new addition to the famous 
Wild-Barfield range of high frequency 
plant. This fixture caters for lengths 
from 1” to 30", or longer in special cases, 
diameters from 14” upwards depending on 
the size of Wild-Barfield A.H.F. Generator 
used. A simple cam change enables any 
desired hardness pattern to be obtained 
giving hard and soft zones as required. 

The construction follows machine tool 
practice and incorporates traverse speed 
control which together with power control 
on the generator, makes the equipment 
truly universal. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED (High Frequency Division) 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD. HERTS. 
Tel. Watford 6091 (8 lines) 
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CEYLON pLUMBAGO 


GANISTER AND 


ME 
TALLURGIA, December, 1956 


Bs | ® The Core and Mould Wash | 
for IRON CASTINGS 
| 
| PHENIX BRAND BLACKING AND 
pLUMBAGO MIXTURE FOR THE 
PROCESS 
4 FOR ALUMINIUM 
STEELMOL for STEEL and SPECIAL IRON CASTINGS 
non-Silica PARTING POWDER 
q JAMES DURRANS & SONS LTD 
eHENIX WORKS & eLUMPTON MILLS: pENISTONE, near SHEFFIELD 
a Telephone : pENISTONE 3121 and 312 Telegrams: pENISTONE 


Why you should read 
this new journal 


THE MOND MAGAZINE provides illustrated 
articles and notes on subjects related 
to all the products of the Mond Nickel 


Company and its associates who extract 


from the mineral-rich areas of 
Sudbury, Ontario, not only nickel 
but also copper, cobalt, gold, silver, 
the platinum metals, selenium, 


tellurium, sulphur and iron ore. 


SOME CONTENTS 
OF THE FIRST ISSUE 


Palladium — a modern metal for jewellery 
Steering Rod Assemblies 
The Terramycin Plant 
A special light-weight Nickel-Cadmium Battery 
How Iron castings help Hydraulics 
Stained Glass Windows and their colours 
Pumps and corrosive problems 
Machines for Digging deep and fast 


THE MOND MAGAZINE «will be sent 


regularly as published to all who are interested. 


SEND YOUR NAME 
AND ADDRESS 4 THE MOND NICKEL COMPANY LIMITED 


THAMES HOUSE - MILLBANK - LONDON S.W.I 


METALLURGIA, December, 1956 


5 
Mag 6 
> 
~ = > = 
\ c= > = G 

{ 
TGA MMI 
33 


At every stage in every industry 


An operator turns a switch, and the electrodes of an arc 
furnace run smoothly down towards the charge 
under amplidyne control. There is a sudden flash as 
thousands of amperes begin to flow, and 60 tons of steel 
begin to melt. This is just one of the many phases of 
steel making—from quarrying ironstone to 
processing the steel—in which BTH equipment 


plays a vital part. 


The Steel Industry is one of many that BTH is 
helping to transform with electric rolling mill 
drives, electric cranes, locomotives and control 
equipment of all kinds. In other industries, too, 
electrification with BTH equipment plays an im- 
portant part at every stage—in Mining, Ship- 
~» building, Textiles and other manufacturing fields. 
The range includes power generation and distri- 
bution plant, power drives, fractional horse-power 
motors, electric and electronic control gear, heat- 
" ing plant and factory lighting installations. 


Controlled power by 
BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED + RUGBY + ENGLAND 
Member of the AE! group of companies AS50863 
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Heat Treatment of 


LIGHT 


ALLOYS 


Greater efficiency, more precise control, higher output with considerably less 
maintenance and running costs—these are the features that place these 
STORDY Electric Furnaces ahead for light alloy treatment. Unit construction of heater 
battery allows ready derating adjustment for precipitation treatment and annealing—with same 
precise temperature control. In addition, the heater battery is remote from the furnace 
chamber and therefore easily accessible for inspection without dismantling. The large 
capacity centrifugal fan gives greater air circulation. 
The furnace illustrated is for the heat treatment of extruded sections—work dimensions 
5 ft. diameter by 8 ft. deep. 


OY 


UMBRIA HOU GOLOTH 


2807 
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Better Lighting— 
Better Production 


What is the lighting in your factory like’? 
Have yourecentlychecked the lighting leve: 
round the works with a light meter? 

The right lighting has a significant effect 
on the speed and accuracy of production. 
When its strength, position and type is 
= suitable for each job the craftsman can 
zive full play to his skill, and the works 
engineer can do full justice to his shop. 

Good lighting is only one of the many 
ways in which electricity is playing a vital 
part in the drive for higher productivity. 


Electricity for Productivity 


Ask your ELECTRICITY BOARD for advice and 
information, or get in touch with E.D.A. They can 
lend you, without charge, films about the uses of 
electricity in industry, E.D.A. are also publishing a 
series of books on Electricity and Productivity. Titles 
now available are: Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materials 
Handling, and Resistance Heating. Price 8/6, or 9, - 
post free. 


issued by the 
British Elcctrical Development Association 
2 Savoy Hill, London, W.C.2 
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REGISTERED TRADE MARK OF ALBRIGHT & WILSON LTD. 


: Albright & Wilson Ltd. are now operating an 


Nickel 


Plate - 


METALLURGIA, December, 1956 


entirely new nickel phosphorus alloy plating 
process under licence from General American 


Cc h e mM a } Transportation Corporation, Chicago, which :— 


Gives perfect coverage with remarkable 
uniformity 


Eliminates need for electrical contacts 
Imposes no restrictions on shape 


Is extremely hard and non-porous 


ENQUIRIES TO KANIGEN DIVISION 
ALBRIGHT AND WILSON LIMITED - 49 PARK LANE - LONDON - W1 


Photomicrograph of screw thread root. Thickness of Kanigen Plate: 0.75 MIL Magnification x 300 
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Are we to blame if machine tools are running faster and faster every day ? 
Perhaps we are, because we go on supplying high speed steels, some of which tax 
machines to their limits. Tell us your machining operations and we will supply the 
best high speed steel for the purpose from our range of— 


STAG MAJ OR (10-12 % Co. 21% W) 
STAG EXTRA SPECIAL 
(6 % Co. 18 % W) 


STAG SPECIAL w 
STAG AIR-HARDENING 


(15% W) 
Full details of treatment and use are given in 
our “Stag High Speed Steels’’ booklet. Write STA 6 M 0. 562 (5 % Mo.) 
for a copy, using the request form. 
To E. Allen & Co. Ltd.,Sheffield [ 
Please post Stag Speed Steels GA R A [ [ 4 C 0 
booklet to 


IMPERIAL STEEL WORKS -SHEFFIELD-9 


TELEPHONE: SHEFFIELD 41054 TELEGRAMS: ALLEN, SHEFFIELD 9° 
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THERMO-COUPLES 


. .. manufactured in base 

and rare metals .. . designed 

for all applications of temperature 
measurement. They are low in 
cost, have exceptionally long life 
and are available for immediate 
delivery. Fully described 

on data-sheet 456 


-—the complete range of 


precision instruments for 
INDICATING, RECORDING 
& CONTROLLING 


TEMPERATURE 


—up to 2000° Centigrade 


ji PORTABLE 
INDICATING 
PYROMETER 


. . . designed to provide 

a practical but economical 
instrument for Works tests . . . 
calibrated for all types of thermo- 
couples and suitable for almost 
any industrial application. 

Fully described on 

data-sheet 342 


2K THERMO-ELECTRIC PYROMETERS 
ELECTRONIC CONTROLLERS 


POTENTIOMETERS 


3k SOLENOID VALVES 


3K MOTORISED VALVES 


ENQUIRIES, SALES AND SERVICE: 

MIDLAND COUNTIES: ETHER LTD., 

Tyb rn Road, Erdington, Birmingham, 24 : East 0276/7/8 
SOUTHERN COUNTIES: ETHER LTD., 

Cax on Way, Stevenage, Herts : Stevenage 780/1/2 


NORTHERN COUNTIES: V. L. FARTHING & CO. LTD. 
329 ower Building, Water Street, Liverpool, 3 : Central 9626 
Wa: rloo Buildings, 10 Piccadilly, Manchester, I°: Central 3539 
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in this type of sand mixer 


‘FULBOND’ ensures an even mix with 


TRADE MARK 


higher permeability and strength. 


For service and information write to: 
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Telephone: REDHILL 3520 
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Bridge lype Arc Melting Furnace 


G.W.B.—LEONE TAGLIAFERRI 
LARGE ARC MELTING FURNACES 


G.W.B. FURNACES LIMITED, P.O. Box No. 4 
DIBDALE WORKS, DUDLEY, WORCS. Tei: pupiey 4284 


PFOPRIETORS: GIBBONS BROS. LTD., DUDLEY & WILD-BARFIELD ELECTRIC FURNACES LTD., WATFORD 


GWB/204 
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in special ALLoy 
SPECIAL CARBON 


purpose STEELS 


Black rolled, bright drawn or smooth 
ground, in heat treated or unheated con- 
| ditions. Free cutting steels, heat-resisting 
stee steels, die steels, shear blade steels, high- 
speed tool steels, stainless steels, valve 

steels, hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD., 
Telephone: 41121 (5 lines) 

Attercliffe Wharf Works, Sheffield, 9. Tele #: “Blooms, Sheffield, 9”. 

London Office: Linford Street, S.W.38. 

Birmingham Office: 25 Burlington Chambers, 118, New Street, 2. 
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HIGH-GRADE REFRACTORIES 
for the Melting, Refining and Shaping of Glass 


FIREBRICK 
SILICA 
HILUMA 


(54% Alumina) 


STANDARD SIZES AND SPECIAL SHAPES FOR ALL TYPES OF 
REGENERATORS AND SUPERSTRUCTURE 


SILLIMANITE 


RAMMED TANK BLOCKS AND SHAPES FOR THE MELTING 
AND WORKING ZONES, ALSO IN STANDARD SIZES FOR 
GENERAL FURNACE CONSTRUCTION 


Highly resistant to corrosion with maximum freedom from colouring impurities 


ZIRCON 


(ZrSiO4 ) 


POWER PRESSED BRICKS AND BLOCKS FOR FURNACES PRODUCING 
MOST TYPES OF BORO-SILICATE AND OPAL GLASSES 


(Not recommended for service with ordinary soda-lime or flint glasses) 


CONSETT IRON CO. 


AL 
CO. DURHAM | 


\ 
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TRANSITROL 


INDICATING TEMPERATURE -CONTROLLER 
FG 


NO 
THERMIONIC 
VALVES 


* 


NO 
WARM-UP 
TIME 
* 
REQUIRES ONLY 


BRITISH -MADE * 
THROUGHOUT 7-INCH 
INDICATING 
This unique wide-range direct-deflection SCALE 
instrument indicates and controls temperature * 
accurately .. . it costs considerably less than conventional 
electronic controllers . . . and, furthermore, £35-10-0 
outclasses all electronic controllers in accuracy, ® 
: simplicity and reliability . . . fully described Immediate 
. in our new TRANSITROL data-leaflet Delivery 


available on request. * 


ENQUIRIES, SALES AND SERVICE: 
MIDLAND COUNTIES: ETHER LTD. 
Tyburn Road. Erdington, Birmingham, 24 : East 0276/7/8 
SOUTHERN COUNTIES: ETHER LTD. 
Caxton Way, Stevenage, Herts : Stevenage 780/1/2 


. NORTHERN COUNTIES: V.L. FARTHING & CO. LTD. 
329 Tower Building, Water Street, Liverpool, 3 : Central 9626 
Waterloo Buildings, 10 Piccadilly, Manchester, | : Central 3539 
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Photograph by courtesy of English Steei Corporation Lto. 


.... with 16 Electrodes 


This 30-ton Electric Arc Furnace powered by a 6,000 
K.V.A. Transformer is one of a large installation at the 
Works of English Steel Corporation Ltd., and represents 
a fine example of modern steel making practice. 
Electric Arc Furnaces offer many advantages for the 
economical production of carbon and alloy steels and 
the I6in. diameter electrodes used in this furnace are 
suppiied by British Acheson. 

Keeping abreast of the trend towards larger furnaces, 
British Acheson now manufacture graphite electrodes 
up to 20 in. diameter. 


BRITISH ACHESON ELECTRODES LTD. 


GRANGE MILL LANE, WINCOBANK, SHEFFIELD 
Telephone: Rotherham 4836 (4 lines) Telegrams: Electrodes, Sheffield 
BRITAIN’S LARGEST MANUFACTURERS OF GRAPHITE ELECTRODES AND ANODES 
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WHAT GOES 


INTO THE 


MAKING OF P.H. 
SILICA BRICKS ? 


The basic requirement when mak- 
ing a refractory brick, to ensure for 
it a long and effective life, is 
careful and accurate control at all 
stages of manufacture. 

By installing modern equipment in 


The latest power presses (such as 
the one illustrated here) are a vital 
part of this up-to-date plant. They 


all departments, Pickford Holland 
ensure that their silica bricks are 
manufactured to exact specifica- 
tions from the finest quality mater- 
ials, with all processes closely 
supervised. 


Consistent 


PICKFORD, HOLLAND & 


46 


PICKFORD, 


CO. LTD., 381, 


are instrumental in the production 
of strong, dense silica bricks, accur- 
ate in size and shape. which will 
stand up to the most arduous fur- 
nace conditions—bricks that bear 
the stamp of Pickford Holland. 


HOLLAND Silica Bricks 


in Size, Shape, Texture and Performance 


FULWOOD ROAD, SHEFFIELD 10 
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Aluminium Sections 


for heavy industries 


Two additional extrusion presses, one of 5,000 tons and the other of 3,500 tons, have been installed at the 
Latchford Locks Works of the British Aluminium Company. These presses represent an important extension to the 
extrusion capacity of the aluminium industry in this country. They will be used to produce a wide range of 
sections for the road transport, building, ship-building and structural and general engineering industries. 
Extrusions are available in sizes up to 134” circum-circle and are specially designed to facilitate the 


economic use of aluminium in riveted or welded assemblies. 


| British Aluminium 


NORFOLK HOUSE ST JAMES’*’S SQUARE LONDON SWI 
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DARLAS TON 


Staffordshire Ancestry 


Since 1700 almost every major improvement in the technique of tron founding has originated in Staffordshire. 


No. 4. THE DARLASTON STEEL AND IRON WORKS. 


The foundry, originally Bills and Mills, was established in 1814. On the death of the 
partners, it was taken over by those famous Ironmasters, the Llovds of Wednesbury 
who, by their endeavours, contributed towards the expansion of Industrial England in 
the nineteenth century. 

The years that have passed since those humble days of 1814 have slowly matured 
something beyond and above the paraphernalia of technical and scientific progress ..... 
Staffordshire craftsmanship an inborn skill and knowledge, a keener eye, a surer 


hand. A rich legacy from our Staffordshire Ancestry. 


For the past 136 years Pig Iron has been manufactured at 
Bradley & Foster's Darlaston Iron Works. 

Today, Bradley and Foster's spectrographic control of raw 
material and finished product enables them to supply pig iron 
of consistent uniformity to the most exacting specification. 


@ Pictorial reference is reproduced 
by courtesy of the publishers of 
Samuel Grithths’ Guide to the 
Iron Trade of Great Britain” 
to whom grateful acknowledgment 
is made. 


FOR QUALITY CONTROLLED 


idley & Foster REFINED PIG 


LIMITED 


STAFFORD 


IRON 


SHIRE 


L.G.B. 
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FOR HIGHER 
STRENGTH WITH 
BETTER 
CONDUCTIVITY 


Electrical components required to perform severe @Ps 
mechanical duties in addition to the current 
carrying function demand materials combining both 
strength and conductivity. Hidurel, a tough, copper 
based alloy, offers high strength, even at elevated 
temperatures, together with good electrical conductivity 
(approximately 40% I.A.C.S. Hidurel 5, 85% LACS. / 
Hidurel 6). Resistant to industrial atmospheric corrosion | 
and non-magnetic, Hidurel solves many problems 
associated with the design of electrical equipment. 

A typical example is illustrated in high voltage circuit 
breakers where Hidurel 6 stampings are employed for the \ 
contact carrier arms. High mechanical strength with \ 
adequate conductivity has resulted in complete freedom from F 
fracture failures and distortion. Readily machinable, Hidurel “| | 4 

is available as bar, stampings, forgings and castings, whilst plate ™~ IF eins 
and strip can be supplied on a more extended basis. — om 


Our Development Engineers will be pleased to tell you more about Hidurel. 


LANGLEY ALLOYS LIMITED 
LANGLEY - SLOUGH - BUCKS 


Telegrams: Langalloy, Telex, Slough 


Telephone : Langley 432 (10 lines) 


As 
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The “ Deoxo” Process provides for the catalytic hydrogenation or 
oxidation of certain gases which hitherto has been impracticable from a 
production standpoint because of cost factors or control problems. 
Various types of laboratory and commercial Purifiers have been developed 
embodying the ““ Deoxo”’ Process and using different Baker Catalysts. 
For example—MODEL D for the removal of oxygen from hydrogen. Can 
also be used for the removal of oxygen or hydrogen from other industrial gases. Model D—1000 c.f-h. 
High purity is consistently produced, the remaining impurity being less than 
one part per million (.0001°,). MODEL E for converting small quantities of 
carbon monoxide to methane in a hydrogen rich atmosphere. MODEL M for 
the catalytic combination of oxygen and carbon monoxide to form carbon ae 
dioxide. Also the catalytic oxidation of hydrogen in an oxygen rich gas. ' - Model D-—-5 c.f-h. 
The great advantage of the “ Deoxo”™ Process is that operating costs are 
negligible and efficiency very high. % A copy of the illustrated publication, giving 

BAKER PLATINUM DIVISION full details of the *Deoxo’ process, will be 

, forwarded on application. Technical representatives 

Engelhard Industries Ltd. are always pate 0% for consultation and advice. 
52 HIGH HOLBORN, LONDON, W.C.1. CHAncery 8711 


Model M—200 c.f-h. 


LEARN HOW TO: 
SPECIFY, 
TEST, 
USE, 


SHERARDIZING 
ZINC ALLOY 
RUST PROOFING CO. LTD. 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8 
ALSO AT LONDON AND ROCHDALE 


> 
3 
Catalytic Gas Purification Process . 
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“Since hearths have 
been constructed of 
carbon no breakouts 
have occurred’’... 


Page 103, Column 2, lines 2-3 of the Special issue of 
the Iron & Coal Trades Review “A Technical 
Survey of the Iron & Stee! Works of Appleby- 
Frodingham Steel Company”. 


THE REASON- 


THESE HEARTHS HAVE 
BEEN CONSTRUCTED WITH 


CARBLOX 


CARBON 


Funve imouss 
1856-1956 


CARBLOX must be used under reducing conditions, it has a mean crushing strength of 8,500 
lb. per sq. inch (nearly 5 times that of the average firebrick); it is 2-3 times as resistant to 
abrasion as normal firebrick. Burden, slag, and molten iron do not stick to it. 


CARBLOX is manufactured by CARBILOX LTD., a company in which THE 
MORGAN CRUCIBLE COMPANY LTD. and THOMAS MARSHALL & 
COMPANY (LOXLEY) UTD., are jointly associated. 


nquiries to: 
CARBLOX LIMITED, Northfields, Wordsworth Park, London, S.W.I8 VANdyke 2366 
CX23/A 
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Photograph by courtesy of Jaguar Cars Ltd. 


Carburising— 


A great basic advance— 
Positive Instrument control of carbon 


Ni" hundred and ninety-nine out of a thousand production men have never seen a continuous 
instrument record of the percent carbon in a furnace carburising gas. 


This invaluable information is now available to you as easily as a temperature record. It shows the 
percent of active carbon in the atmosphere of the L. & N. Homocarb furnace, and therfore the surface 
carbon content of the parts being treated. And further the actual percent carbon is entirely under 
your control—the carbon you get is the carbon you set on your Microcarb control instrument. 


This carbon control unit is of major importance in that it results in a tremendous increase in the 
versatility of our world renowned Homocarb electric gas carburising furnace. In addition to its 
original function of case carburising it can now be used for carbon restoration, homogeneous carburising 
and hardening, with great advantage. In carburising, for instance, excess carbides can be prevented ; 
networks and retained Austenite can be eliminated, this reducing rejects and lengthening the life of 
the product. When hardening, carbon pick-up and decarburisation are no longer problems, and dis- 
tortion is practically eliminated. Carbon restoration and homogeneous carburising, previously 
difficult or impossible to control on production work, are now thoroughly practicable. 


Consideration of the above facts will suggest to you that its vastly increased versatility makes the 
Homocarb furnace an almost indispensable item of Heat Treatment equipment. 


The illustration pictures an installation working at Jaguar Cars Ltd. 


The attractive Microcarb contro! booklet will be sent to you with pleasure on request 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street Birmingham 15 


Phone: Midland 1453/4 Telegrams: Flometer Birmingham 


Works at Birmingham 
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The unrivalled experience and resources of the 
‘CASSEL’ HEAT TREATMENT SERVICE 


are at your disposal. 


A WEALTH OF EXPERT KNOWLEDGE... 


... lies behind every recommendation made 
by the ‘Cassel’ Heat-treatment Service. 

A complete range of salts and 

salt-bath furnaces is manufactured 

to meet a wide variety 


of heat-treatment problems. 


The ‘Cassel’ Process offers 


these advantages: 


@ Simple, effective control of 
carburising and neutral baths 


Uniform results easily obtained 


Excellent finish of treated parts 


No limitations on type of quench used 


High output for moderate capital outlay 


Microscopic examination of 


steel specimens after heat-treatment. 


Write for further details to : 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, 


LONDON, $.W.1. 
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INDUSTRIAL 


HEATING 


* Consult our 
Free Fuel Oil 
Advisory Service 


LONDON DIVISION 
101 Piccadilly, London, W.1 
Tel: Hyde Park 8464 


MIDLAND DIVISION 
Esso Hall, Little Aston, 
Sutton Coldfield, Warwickshire 
Tel: Four Oaks 1520-1528 
1543-1547 


NORTHERN DIVISION 
Refuge Buildings, 
77 Whitworth Street, 
Manchester, | 
Tel: Manchester Central 8494 


SCOTTISH DIVISION 
36 Renfield Street, 
Glasgow, C.2 
Tel ;: Glasgow Central 9888 


SOUTH-WESTERN DIVISION 
Eagle House, 
St. Stephen’s Street, Bristol 
Tel: Bristol 21371 


NORTHERN IRELAND BRANCH 
1 Donegall Square South, 
Belfast 
Tel: Belfast 20471 


> ESSO PETROLEUM COMPANY, LIMITED, 36, QUEEN ANNE’S GATE, LONDON, S.W.1 - Tel: WHitehall 5151 
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yours? 


If it’s a difficult non-ferrous casting—consult 
Birkett, Billington & Newton. Above is an example 
of what they can do. It is one of a pair of housings 
for the driving shaft of an independently sprung 
wheel. To withstand severe shocks and stresses 
it was cast in high tensile manganese bronze and 
then precision-machined. 


Birkett, Billington & Newton have the facilities 
and knowledge to solve your non-ferrous casting 
problems—however difficult. 


HHH 


CASTINGS FROM A FEW OUNCES TO 10 TONS... 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze and light alloys. 
Precision-machined bushes and bearings. 
Specialists in high-tensile aluminium bronze 
castings, centrifugal-cast wheel blanks, and 
chill-cast rods and tubes. 


One of Britain’s 
Largest 
NON-FERROUS 


Foundries 


M. BIRKETT, BILLINGTON & NEWTON LTD 
HANLEY AND LONGPORT, STOKE-ON-TRENT 
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HILGER & WATTS LTD 


a new edition 
of an essential book 


about an essential instrument 


The second edition of Haywood and Wood’s Metallurgical Analysis by means of the Spekker photo- 
electric absorptiometer is now ready. Analysis by absorptiometry is so speedy in comparison with 
conventional chemical methods, and yet allows such high accuracy, that it has been widely accepted 
for the routine purposes of metallurgical laboratories. This book describes the construction, opera- 
tion, and maintenance of the best known of all absorptiometers—the Spekker—and gives detailed 
instructions for its use in determining the metals commonly occurring in alloys. Price 40s. 


98 ST PANCRAS WAY, LONDON, N.W.1 TEL. : GUL 5636 


Makers of precision optical instruments and publishers of scientific and technical books 


Quietly... 


Without any noise or fuss, we would like 
to point out guie“ly, that people in the 
know specifically prefer to purchase their 
requirements of Hydrofluoric acids and 
Fluorides from the No. | producer of 


these materials in the United Kingdom. 


JAMES WILKINSON & SON LIMITED: TINSLEY PARK ROAD: SHEFFIELD 9 
"PHONE 41208 (3 lines) ‘GRAMS CHEMICALS SHEFFIELD 9 
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replaces costly machining of INTRICATE 


* We are within easy reach of London and our 
Designs Technical Staff will be glad to call 
and advise you 


METAL COMPONENTS 


GREATER ACCURACY AND 
STRENGTH 


UNIFORM AND CONTROLLED 
POROSITY 


EASE OF PRODUCTION 
FLEXIBILITY OF DESIGN 
CLOSE TOLERANCES 
HIGH PRODUCTION RATE 
NO SWARF 


IRON POWDER PARTS MAY 
BE HARDENED 


BASILDON 


METAL POWDER PARTS 


LIMITED 
* CHURCH ROAD - 
Telephone: South Benfleet 2752 


MANOR TRADING ESTATE THUNDERSLEY - ESSEX 


Wade Heat Treatment Fur- 
naces cover a wide range of 
laboratory and production 
requirements for accurate 
and economical equipment. 


Three of our latest furnaces built 
to users’ specifications 


WADE 


ELECTRIC FURNACE ENGINEERS 


2 
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SINTERING and 
FURNACES 


BRAZING 
LTD 


Head Office: 272-3 TERMINAL HOUSE, GROSVENOR GARDENS, LONDON, S.W.| Tel : SLOANE 2192/3 


SINTERING 
FURNACE ILLUSTRATED 
SHOWS 18 KVA. 6” WIDE 

HUMP BACK CONVEYOR FURNACE WITH _— 
TRANSFORMER CONTROLLED HEATING 

ELEMENT, VARIABLE SPEED CONVEYOR, CONTROLLED 
ATMOSPHERE THROUGHOUT WORKING CHAMBER, FULLY 


AUTOMATIC CONTROL EQUIPMENT, LOW HYDROGEN CONSUMPTION TEMP. 


UP TO 1,150°C. 


Works: 124a-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel: Slough 24011 


This 48-page comprehensive Brochure 
gives valuable Technical data on 


NON-FERROUS ALLOYS, BEAR- 


ING METALS, CENTRIFUGAL CASTINGS, ACID-RESISTING 
ALLOYS (including Monel Metal). We also specialise in castings by 
the “*C” Shell Process, including Stainless Steel and precision Castings 
produced by the Siaw Process, particulars of which will be sent on 
request. 


Production and Maintenance Engineers al) over the 
World have proved it to be an indispensable reference. 
Write FOR YOUR COPY NOW! 


INVALUABLE INFORMATION 


THE PHOSPHOR. BRONZE CO. LTD. 


age 


BRADFORD ST., BIRMINGHAM, * 
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BALZERS 


(GERAETEBAU ANSTALT BALZERS) 
Vacuum Melting 


have more experience on— Wacuum Sintering 
Vacuum Coating 


and have more equipments installed on these 
applications than any other firm in Europe 


Detailed information from the Sole Agents 
for Britain and Commonwealth 


Delapena| DELAPENA & SON LIMITED 
Zona Works - Cheltenham, Glos. 


MARK II BLACK. Articles such as those NIKLIT. Another example of the many 
illustrated above can be very successfully processes we can offer. Niklit provides a 
lustrous silver colour finish to copper, 


treated with MARK Il Black, providing a brass and copper alloys which will not 
rich black finish which is an excellent rust- tarnish. The whole process is most 
resister and first-class paint base. economical. 


A fine finish to your products can promote a fine start to new business. 
In these competitive days it is not enough to provide an article efficient in 
its use or operation—it’s got to LOOK good, and that is where we come in. 
At remarkably low cost we can offer a process of metal colourization and 
protection to suit exactly your particular product. 


Why not ask for our FREE advice to start with? 


(ontact METAL PROCESSES LIMITED now/ 


K'NGSBURY ROAD, ERDINGTON, BIRMINGHAM 24 . Telephone ERDington 6111/2 
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S> The prevention of structure borne noise is 
becoming a widely recognised requirement, 
and it demands a highly efficient, economica 
and easily applied method of floor insulation. 
The Stilsound floor has been developed to 
meet this need and the recent introduction of 
improved Stilmat (SM5) makes it the most 


effective form of thermal and acoustic 


Sound barrier 


insulation available. 
SMS5, inorganic, vermin proof, bacteria 


proof, and non-deteriorating, is harmless to 
handle and absolutely fireproof, providing a 
valuable barrier to the passage of fire from 


one storey to another. 


-and Heat barrier too! 


THERMAL AND ACOUSTIC 
INSULATING MATERIALS 
Telephone : Whitehall 0922 


STILLITE PRODUCTS LTD. 15, Whitehall, London, S.W.1. 


Zinc 
SLAB 
CASTING 
MACHINES 


One of three Sheppard 
Booster Driven Slab 
Casting Machines sup- 
plied to Consolidated 


SHEPPARD'S design and build Ingot Casting 
and Handling Machines and Hot Metal Pumping 
Equipment for all metals, now offer to Zinc 
producers their outstanding and latest machine 
for the successful casting of zinc siabs. 


Mining & Smelving 
Co. Ltd., Trail,¥B.c., 
Canada, for the pro- 
duction of 58-Ib." zinc 


Machines of this type have been supplied to 
many well-known zinc producers in North 
America notably The American Smelting & 
Refining Co. Ltd., The St. Joseph Lead Co., 
and The Bunker Hill Co. Ltd. What more 
recommendation of SHEPPARD design tech- 
nique could one_wish for. 


SHEPPARD & SONS LTD., 


about —----+ Tel. : (S lines). 


Grams : SHEPPARD, BRIDGEND. 
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AVAIL in THIS COUNTRY 


“ Elgiloy ’’ was recently developed in America by the 
Elgin National Watch Co. Since then, “‘ Elgiloy,”’ 
completely non-corrosive under atmospheric conditions 
and having excellent “‘ spring properties’? has been 
used with outstanding success for mainsprings in all 
Elgin watches replacing the traditional heat-treated 
high carbon steel. 


# ? A cobalt, chromium, nickel-base alloy ‘‘ Elgiloy ’’ can 
be used to advantage in a wide range of applications, 
particularly in scientific instruments, and in communi- 
cations equipment. Its corrosion resistance, both to 
atmospheric corrosion and to chemical attack is far 


superior to that of the best stainless steels. ‘‘ Elgiloy ”’ 
has a set resistance at least three times greater than 
co BA LT BASE and fatigue resistance nearly twice that of carbon 
spring steel plus high ultimate tensile strength. 
“* Elgiloy ’’ can be soldered, welded, and brazed. It 


Y can also be punched and formed freely in the as-rolled 
Ss p S A L L condition and to a limited extent after ageing. 


Sole Agents for the U.K 


GILBY-BRUNTON LIMITED 


Head Office & Works: SEAMILL, MUSSELBURGH, 
SCOTLAND. Telephone: Musselburgh 2369 
London Office: 47 WHITEHALL, S.WI. Whitehall 6058 


Soft Copper Wire for power transmission 
overhead and underground and for telephone 
cables and multiple circuit transmission where 
physical and electrical properties and tolerances 
are usually to exacting specifications. 


a Cadmium Copper Wire (Telephone Line 
- BO L ; O N S$ 2 Wire). As supplied to the British Post Office, Crown 
= Agents for the Colonies, etc. 

—— Trolley Wire u.c. Copper, Cadmium Copper 

BARE H.C. COPPER — and Bronze. ; 
Available on Publication No. 121/R2 “ Wire— 

AND COPPER ALLOY 


WIRE PRODUCTS 


| 


| li, 
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THOMAS BOLTON & SONS LTD 


HEAD OFFICE: Mersey Copper Works, Widnes, Lancs. 
Tele.hone: Widnes 2022. Telegrams: “Rolls, Widnes”’. 
'\OON OFFICE AND EXPORT SALES DEPT. 168 Regent 
V.1. Telephone: Regent 6427/8/9. Telegrams: ‘‘Wire- 
1, Picey, London’’. WORKS: LANCASHIRE: Widnes 
t. Helens. STAFFORDSHIRE: Froghall and Oakamoor, 

Nr. Stoke-on-Trent. 
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a Hardening all 
Flame Hardening by 


“Full and Chem 
4 


GARTH RD., MORDEN, “SURREY. Phone Derwent 3861 QB Lines) 
and Pyroheat Ltd., Pershore Rd., Stirchley Green, Birmingham. Phone: Kings Norton 1623 


STEREOSCOPIC BINOCULARS THOMAS 
The many applica = ANDREWS 


tions in industry and 


science for which this 


type of microscope is 


HIGH-GRADE STEEL MAKERS 


suited are fully ex- 


plained booklet, 
SPEED STEELS 


post free on appli- 7 ‘“‘MONARCH”’ {Hore COLD DIE STEELS 


cation. | TOOL HOLDER BITS 
“HARDENITE” | 


“HELVE” { 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


69,71, MORTIMER ST., LONDON, 
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Straightening up to 8 feet tong 
of High-speed Steel Tools 
g by High Frequency Induction het 
WW Cyanide’ Hardening, Capacity 3 tons per week 
Heat’ Treatment of Alloy Steels feet long 
Annealing and Stress Relieving up to 5 tons per 
MEAT TREATMENTS ITD. 
] 
= 
t 
I 
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at. 
i 
; ~ ROYDS WORKS AND 
HARDENITE STEEL WORKS a 
y, ATTERCLIFFE ROAD, SHEFFIELD, 4 
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ALLOYS for METALS and POWDERS 


Ferro Tungsten 80/85% 


Ferro Vanadium 35/80% DRAWING DIES, Etc. 


rro Molybdenum 
Tungsten Metal Powder 
Calcium Molybdate 40/50% 
Tungsten Carbide 
Molybdenum Briquettes 55/65% 
‘ee Tungstic Oxide 
Ferro Titanium 20/25% and 40% ‘ 
Titanium Carbide 
Tungsten Metal Powder 98/99% ; 
Ammonium Para Tungstate 
Manganese Metal 
Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
us at:— DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LToe. 
Ditton Road, Widnes, Lancashire 


Telegrams: ALLOY WIDNES Telephone: Widnes 266! 


POLISHING AND MOUNTING TECHNIQUES 


for metallurgists, made possible by Nash and Thompson’s 
Metallurgical Mounting Press and Electrolytic Polisher 


Nash and Thompson’s Metallurgical 
Mounting Press and the NEW N. and T. 
Electrolytic Polisher together provide a highly 
flexible approach to the problems of labora- 
tory quick mounting and polishing of 
specimens for metallographic work. The 
Electrolytic Polisher can also be used 
for laboratory investigations 
into plating and anodising 
techniques. Keynotes of both , 
instruments are simplicity and gay 
a‘aptability. Further details 
ae available on request. 


Write for full descriptive literature 


] lash and Thompson LIMITED - Oakcroft Road, Chessington, Surrey - Elmbridge 5252 


o4.G.N.T.47 
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Unrivalled This vertical crucible muffle 
is ideal for many purposes in 

the average laboratory. The 
« energy regulator hand temp- 
experience erature controller is effective 
over a wide working range 

and is completely reliable. 
4 k : Standard models are suitable 
in ma ing for operation on 190/250 
volts A.C., and have a maxi- 

mum operating temperature 
of 1050°C. (1922 F.). Wild- 


Barfield’s great experience 
L A BO om ATO RY ensures perfect performance 
and a long, trouble-free life. 
Full details will be supplied 


on request. 


) FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines’ 
37 


| TITANIUM TITANIUM TITANIUM TITANIUM TITANIUM TITANIUM TITA 


| NIU SIUM TITANIU? 

progres 

 TITAt 

CASTINGS 
1UM TITA ANIUM 

j A: TITAL 


+* TITANIUI 


Titanium 
sheet, rod, or 
forgings supplied 


Phone: MANsion 


WORKS SHEFFIELD 


| 
FOR ALL TYPES OF COMPACTING 
HEAT TREATMENT | DIES 
CONSULT for 
ABBEY HEAT TREATMENTS LTD. | @ METALLIC POWDERS 
(A..D., Min. of Supply and other Gove. Depes.) | @ TUNGSTEN CARBIDES 
PLAZA WORKS, MERTON HIGH STREET | @ OXIDES Etc., 
LONDON, S.W.1I9 | Enquiries please to:— 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area — 


Telephone: DROylsden 1816. 


METALLURGIA, December, 1956 


— 
| 
20. ASHTON oLd ROAD | 
66 


Books on new and established 

methods, research, tech- 

niques, processes, and applica- 

tions, can be supplied through your local Smith's 
shop or bookstall. College and works librarians 
and students are particularly wel- 

come to ask for lists of titles on 

any specific aspect of the industry. 

Books not stocked at the local 

branch can be quickly obtained 

from Head Office. 


W. H. SMITH & SON 


FOR TECHNICAL BOOKS 
Head Office: STRAND HOUSE, LONDON, W.C.2 


BERYLLIUM 
SMELTING CO. LTD. 


BRITISH UNICORN LIMITED 
36-38 Southampton Street, London, W.C.2 


Beryllium-Aluminium 5°, Be 
Beryllium-Aluminium-Magnesium 5°, Be 3°, Mg 
Beryllium-Copper 4% Be 
Beryilium-Magnesium 5°, M Be 
Beryllium-Nickel Be 
Ferro-Beryllium 8/10°%, Be 
Beryllium Metal 95°, and 99.5% 
Beryllium-Oxide, 
Be-Chloride, Be-Hydroxide, 
Be-Suiphate, Be-Nitrate 


Beryllium X-ray Tube Windows 


IMPORT | 


EXPORT 


SMALL 
ASSEMBLY 


CUPS IN MILD 


STEEL 


PRODUCED 


WITHOUT 


FAULT 


O0TS thick! 
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NOTE THE SHARP CORNER! 


ILLUSTRATION BY COURTESY OF 
MESSRS. JOSEPH APPLEBY LIMITED 
ASTON, BIRMINGHAM 6 


SUPERB 


WRITE TODAY FOR YOUR COPY 
OF THE 


NARITE BROCHURE 
(2nd Revised Edition) 
N. C. ASHTON LIMITED 


ST. ANDREW'S ROAD, HUDDERSFIELD. 
Tel.: HUDDersfield 6263/4. 
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MEDIUM TEMPERATURES UP TO 1,000° C. 


This furnace is normally bench-mounted but we can 
supply a stand if required. The door is a counter- 
balanced rise-and-fall type and provides an extremely 
good seal. The working chamber is lined with an 
Inconel muffle, which protects the brickwork and 
elements from damage. The elements themselves are 
in deep grooves in the refractory and are arranged so 
as to give a constant temperature throughout. They 
can be removed without dismantling the furnace. 
Various sizes are available, all of which can be fitted 
with heat-resisting atmosphere containers. 


HIGH TEMPERATURES 
UP TO 1,400° C. 


All the points mentioned for 
our 1,000° C. furnace apply 
to this model, except that the 
Inconel muffle is replaced by 
a hearth plate of Carborun- 
THE HEDIN RANGE OF FURNACES Se dum Refractory to withstand 


Aluminium Brazing, continuous or batch : Sintering, to suit all temperatures : Con- a the higher temperatures. In 
= addition, it is fitted with 


tinuous or bate vali r wi mospheres weed Air Cir ting : 
‘ or batch annealing, with 7) without at nosphere. Forced Air Circulating a improved silicon carbide 
Steam atmosphere, arranged for rapid quenching : Special tungsten furnaces up to Rs elements and a water cooling 
2,500° C. : Glass annealing lehrs, continuous or batch : Ceramic Kilns up to 1,400° C., Ss jacket to avoid overheating of 
tunnel or batch : Carbon resistor furnaces up to 3,000° C. SS terminals. A particular feature 


is the absence of radiation 
through the casing—much 
appreciated when working in 
confined spaces. 


We shall be gicd to send you full detai's 
of any of our furnaces on request. 


| HEDIN LIMITED | INDUSTRIAL HEATING SPECIALISTS 
COMMERCE ESTATE, S. WOODFORD, LONDON E.!8 cs 
Telephone No. : BUCkhurst 6601-2 


Regd. Trade Mark 


PRESSED STEEL HEAT TREATMENT CONTAINERS 


for 

CASEHARDENING 
CARBURIZING 
a SALT, CYANIDE and 


LEAD HARDENING 


PROTECTS MILD STEEL 
AGAINST OXIDATION 
AT TEMPERATURES 


UP TO 950°C 


e 
WRITE FOR CATALOGUE No. 1301/! 


Calerized pressed steel carburizing 
pots being charged into an 

electric furnace at the works of 

Messrs. D. Napier & Sons Ltd. 


LYNTON HOUSE, 7/!2, TAVISTOCK SQUARE. 
LONDON, W.C.! Telephone : EUSton 4321 


THE CALOGRIZING CORPORATION OF GREAT BRITAIN LTD 
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CLASSIFIED ADVERTISEMENTS 


Classified Advertisements are inserted at the SITUATIONS VACANT — continued 
rate of 2/6 per line. 


SITUATIONS VACANT 


METALLOGRAPHER required for 
~~ laboratory of light engineering works 
West London area. Must have had 
experience with steel and its alloys. 
Experience with light alloys an advantage. 
Salary £650—£750, according to experience. 
Box No. M.F.53, Merauiureta, 31, King 
Street West, Manchester, 3. 


INTERNATIONAL CORPORATION ) 


cants having an Honours Degree in 
Metallurgy preferred. One vacancy is 
particularly related to work on electron 
microscopy. Applications, giving age and 
experience, to the Research Manager, 
The United Steel Companics, Ltd., 
Swinden Laboratories, Moorgate, Rother- 
ham. 


| 

| work on Physical Metallurgy. Appli- 


HAS A VACANCY FOR 


A SPECIALIST 


FOR 


METALLURGICAL PROBLEMS 


WHICH ARISE IN SELECTION OR FABRI- 
CATION OF MATERIALS AND OPERATION 
OF OIL REFINERY AND PETRO- 
CHEMICAL PLANT EQUIPMENT 


Qualifications must include a good metallurgical degree or its 

equivalent and substantial practical experience with emphasis on 

the metallurgy of production, fabrication, welding and corrosion 
of carbon and alloy steels. 


The age range 35-40 is preferred but not essential. Commencing salary 

will be according to qualifications and experience. The company operates 

a contributory pension scheme with Life Insurance Cover, and offers 
comprehensive personnel benefits. 


Apply in writing giving an outline of your 
qualifications and experience to: 
The Personnel Manager, Dept. 84/MA, 
KELLOGG INTERNATIONAL 
CORPORATION, 
7-10 Candos Street, London, 


METALLURGIA, December, 1956 


M ETALLURGISTS required for research | 


| SITUATIONS VACANT— continued 


THE RESEARCH LABORATORIES OF THE 
GENERAL ELECTRIC CO. LTD., 
NORTH WEMBLEY, MIDDLESEX 


invite applications from graduat> 


APHYSICISTS 


*ELECTRICAL and 
MECHANICAL 
ENGINEERS 


*CHEMISTS, and 
METALLURGISTS 


to strengthen teams which are engaged 
on an expanding programme in various 
fields of research and development work. 
Successful candidates can expect good 
prospects of obtaining future positions 
of high remuneration within the 
Company. 
Applicants should hold a good honours degree 
and must be free of National Service commit- 
ments if under 26 years of age. 


There are also a number of other posts avail- 
able to men with a pass degree or Higher 
National Certificate. 

Please apply in writing to the Staff 
Manager (Ref. RLO/103/M), giving full 
particulars of qualifications, experience 
and age. 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED 
METALS DIVISION 
A MECHANICAL ENGINEER 
is required for the Division Research 
Department to undertake interesting work 
on basic metal-forming processes and on 
new techniques of metal forming. 

Candidates should possess a University 
degree in mechanical engineering. Post- 
graduate research work or experience in 
the metal working field would be advan- 
tageous. 

This post offers a generous starting 
salary, and there is adequate scope for 
advancement. Excellent conditions of 
employment include a Contributory Pen- 
sion Fund and a Profit Sharing Scheme. 
Married men will receive a reasonable 
contribution towards removal, including 
travel, expenses and, in approved cases, 
loans are available to assist them in house 
purchase. Write for application form to the 
Staff Manager, Imperial Chemica] Indus- 
tries, Ltd., Kynoch Works, Witton, 
Birmingham, 6, quoting RES/26/M. 


‘THE BRITISH NON-FERROUS 

METALS RESEARCH ASSOCIA- 
TION requires a metallurgical chemist 
and an assistant chemist with experience 
in the analysis of non-ferrous metals and 
preferably with experience of physico- 
chemical techniques. Initial salaries 
in the range £500-£1,000 according to 
qualifications and experience. Write : 
Research Manager, B.N.F.M.R.A., 81-91, 
Eustor Street, London, N.W.1. 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT — continued 


D. NAPIER & SON, LTD. 
LUTON AIRPORT, BEDS. 


require an Assistant Metallurgist. A 
good basic knowledge of metallur- 
gical processes as applied to manu- 
facture, selection and fabrication of 
materials for the aircraft industry is 
together with some 


necessary, 
specialised knowledge in metallo- 
graphy, heat treatment, mechanical 
testing, welding and radiography of 
both ferrous and non-ferrous materi- 
als. Desirable qualificaticns are 


H.N.C., L.1.M. or equivalent. Apply 


336/7, 
quoting 


initially to Dept. C.P.S., 
Strand, London, W.C.2, 
Ref. M.814A. 


A FUTURE WITH FORD 

A METALLURGIST is required, of 

degree or A.I.M. standard. He 
should have some specialist know- 
ledge of metallography, and heat 
treatment of every kind. Experience 
also necessary of metallurgical proces- 
ses used in general engineering, and 
should cover both ferrous and non- 
ferrous metals. Should be capable of 
clear, occurrence report writing and 
able to interpret engineering draw- 
ings. Good starting salary. Generous 
non-contributory pension. Reply to 
Salaried Personnel Department, Ford 
Motor Co., Ltd., Dagenham, Essex, 
quoting reference MPN. 


SITUATIONS VACANT— continued 


Outstanding 
Opportunities 


for a limited number of 


SECTION LEADERS 


nd 


DRAUGHTSMEN 
(Layout, Design and 
Detail) 


Experience in the Steel Industry 
preferable but not essential. 


Good Salaries offered according to 
age, experience and technical 
qualifications. 


Apply to: 

FURNACE DEPARTMENT, 
The Wellman Smith Owen 
Engineering Corporation 

Ltd. 


PARNELL HOUSE, WILTON RD., 
LONDON, S.W.1. 


products. 


Company's Products. 


2. JUNIOR LABORATORY TECHNICIAN. 
be required to assist in the application of High Frequency Heating to the 


LOCKHEED HYDRAULIC BRAKE CO. LTD., 
LEAMINGTON SPA 


invite applications for the following Laboratory Technicians. 
1. METALLURGIST. Aged 25 to 35, with experience in the metallurgy 
of ferrous heat treatment. Will be required to undertake the application 
of Gas Carburising and Bright Heat Treatment Processes to the Company 


Aged 18 to 25. Will 


3. JUNIOR METALLURGISTS. Aged 18 to 25. To assist in the examination 
of raw materials and in the microscopical examination of all types of metals. 


These appointments include participation in the Company's Profit Sharing Scheme 
and offer unusual opportunities for progress and promotion. 


Applications should state clearly the position being applied for and include full 
details of age qua ifications and appointments held. They should be addressed to : 


The Personnel Officer, 


LOCKHEED HYDRAULIC BRAKE CO. LTD., 
Tachbrook Road, 
LEAMINGTON SPA. 


SITUATIONS VACANT — continued 


GRADUATE METALLURGIST is 
required to take charge of a section 
engaged on problems associated with the 
machining and forming of ferrous and non 
ferrous metals. Opportunities for research 
and varied investigational work. Per 


| manent and progressive position with 


F.S.8.U. benefits. Commencing salary 
commensurate with qualifications and 
experience. Send full details in confidence 
to Box No. M.G.55, METALLURGIA, 
31, King Street West, Manchester, 3. 
GLACIER METAL CO., LTD. 
KILMARNOCK 

The following vacancies exist in the 

Research and Development Organisation : 


1. Senior Research Investigator. 

To carry out research and development 
work on materials/processes used in the 
manufacture of Plain Bearings. The 
principle fields of investigation will 
include electro-deposition, powder metal- 
lurgy and foundry work. Immediately 
responsible to the Company's Chief 
Metallurgist. 

Qualifications should include a Degree 
in Metallurgy or its equivalent, and 
experience of metallurgical research work. 
Experience in some or all of the following 
fields would be useful: powder metallurgy, 
electro-deposition, foundry work, the 
physics of rubbing surfaces, and the 
design of experiments. 

Commencing salary of £900—£1,100 
according to experience and qualifications. 
2. Research Investigator. 

To record details of metallurgical 
processes currently operated and prepare 
draft prescriptions based on these records, 
and carry out detailed inspection of these 
processes reporting any deviations from 
prescribed procedures. He will act as 
Personal Assistant to the Chief Metal- 
lurgist. 

Qualifications include sufficient general 
scientific knowledge to be able to apprec- 
ciate basic principles of processes to be 
investigated (an ordinary Degree in 
Physical Science or its equivalent), a 
capacity to write clearly, precisely and 
accurately, and the ability to make close 
observations. 

Commencing salary £750—-£900 accor- 
ding to experience and qualifications. 

Both positions are on monthly paid 
staff. Three weeks’ annual leave. Staff 
Bonus and Pension Schemes in operation. 

Applications to Personnel Manager 
Glacier Metal Co. Ltd., KILMARNOCK, 
Ayreshire. 


METALLURGIST required by large 

diesel engine manufacturers to take 
charge of defects investigation work. 
Applicants should have a good educationa! 
background and be preferably of A.1.M. 
standard. Some experience of conducting 
investigations into material failures is 
desirable and the ability to write a clear 
report is essential. The successful candi- 
date will be responsible direct to the 
Chief Metallurgist, and the post will 
carry an initial salary of £900 to £1,100 
p.a. Apply to Staff Manager, F. Perkins 
Limited, Peterborough, giving full detai!s 
of experience and qualifications. 


METALLURGIA, December, 1956 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT— continued 


SITUATIONS VACANT-— continued 


SITUATIONS VACANT — continued 


BRITISH PETROLEUM COMPANY 

requires METALLURGIST for ser- 
vice at its Aden Refinery. Applicants 
aged 24-30 must have B.Sc. (Met.), 
B.Met. or A.I.M. with a minimum of 
three years heavy industry or technical 
Research Association experience. Attrac- 
tive salary plus generous allowance in 
local currency. Pension scheme, good 
leave arrangements, free passage out and 
home, free medical attention, air-condi- 


tioned accommodation, kit allowance. 
Write giving full particulars quoting 
F.72 to Box 1880, c/o 191, Gresham 


House, E.C.2. 


RADIOLOGIST 
N expericnced A.I.D. approved Radi- 
ologist or a Radiographer is required 
by large Engineering Company situated in 
the West of England. Applicants must 
have had at least 5 years previous experi- 
ence in this capacity. 


Applications giving details of age, 
education and experience should be 
addressed to the Personnel Manager, 


Box No. M.H.61, Meratiureia, 31, King 
Street West, Manchester, 3. 


STEEL RESEARCH 

A METALLURGIST is required by The 

Mond Nickel Company Limited at the 
Birmingham Laboratories to fill a vacancy 
in the Steel Section. He will be concerned 
with initiating and conducting both long 
and short term investigations dealing with 
subjects such as hardenability, transforma- 
tion characteristics, embrittlement pheno- 
mena in low alloy steels, and with other 
investigations involving new types of high 
alloy s‘eel. Individual publication of 
results is encouraged. 

Applicants should hold a degree, or 
equivalent, in metallurgy or physics and 
should have experience in ferrous research. 
Salary will be in accordance with experi- 
ence and qualifications. 

Pension and insurance schemes are in 
operation and, in appropriate cases, 
assistance can be given for housing. 
Applications, giving details of age, quali- 
fications and experience, should be 
addressed to The Manager, Development 
and Research Department, The Mond 
Nickel Company, Ltd., Thames House, 
Millbank, London, 8.W.1. Mark envelope 
“ Confidential L.35.” 


WORKS METALLURGIST required to 

control raw material supplies, heat 
treatment, and plating processes in large 
engineering works in Belfast. Applica- 
tions are invited from University gradu- 
ates or Associates of the Institution of 
Metallurgists who have had several years 
experience of manufacturing problems in 
‘he engineering industry and who should 
e good practical Metallographers and 
Metallurgical Analysts. 

This is a new appointment. The success- 
‘ul applicant would be expected to spend 
everal months at the Company’s main 
actory at Letchworth, Herts, before 
noving to Northern Ireland. Applications 
riving details of age, qualifications, experi- 
nee and salary required, should be 


iddressed to the Personnel Superintendent 
Che British Tabulating Machine Co., Ltd., 
Letchworth, Herts., quoting Reference 
164, 


METALLURGIA, December, 1956 


LARGE non-ferrous’ metallurgical 

works in the Manchester area requires 
Analytical Chemist experienced in metal- 
lurgical and general inorganic analysis. 
Must be capable of evolving own methods 
and of supervising juniors. Vacancy is 
eminently suitable for person, male or 
female, in middle twenties, who is 
anxious to take on more responsibility. 
Laboratories available are newly built and 
equipped. Terms of engagement include 
5-day week and superannuation scheme. 
Applications should outline age and ex- 
perience and give indication of salary 
required. Box No. M.H.65, METALLURGIA, 
31, King Street West, Manchester, 3. 


FORD MOTOR CO. LTD. 
ENGINEERING RESEARCH CENTRE 
LODGE ROAD, BIRMINGHAM, 18 
APPLICATIONS are invited for the post 

of Assistant Metallurgist with qualifi- 
cations of L.I.M., H.N.C., or equivalent. 
Required for general metallurgical re- 
search ; investigation, mechanical and 
fatigue testing. 

Details of excellent working conditions, 
progressive opportunities and remunera- 
tion given at interview. 


MELTING AND CASTING RESEARCH 


A QUALIFIED METALLURGIST 

is required by THE MOND 
NICKEL CO. LTD., at their Bir- 
mingham Research Laboratories, to 
conduct research associated with the 
melting and casting of a variety of 
alloys. The general objective will be 
to investigate ways of obtaining opti- 
mum properties in both wrought and 
cast forms by employing improved or 
novel melting and casting procedures. 
The properties under consideration 
will include mechanical properties 
over a wide range of temperatures, 
corrosion-resistance and castability. 
Individual publication of results is 
encouraged. 

Salary will be in accordance with 
experience and qualifications. Pen- 
sion and insurance schemes are in 
operation and, in appropriate cases, 
assistance can be given for housing. 
Applications, which will be treated in 
confidence, should give details of age, 
qualifications and experience and be 
addressed to the Manager, The Mond 
Nickel Co., Ltd., Development and 
Research Dept., Thames House, Mill- 
bank, London, 8.W.1. Mark envelope 
* Confidential L.36.” 


A BIRMINGHAM COMPANY which 

has various metallurgical and chemical 
processes, requires a technologist to work 
on the development of specialised alu- 
minium melting and treatment processes. 
The successful applicant must be capable 
of the development of new processes 
through pilot plant to the production 
stage. The Company is a medium sized 
but expanding one, pleasantly situated, 
with good facilities. This is an excellent 
ground floor opportunity for a man with 
an analytical approach to production and 
development problems. Commencing 
salary of about £1,000 per annum. Box 
No. M.H.64, Merattureia, 31, King 
Street West, Manchester, 3. 


MANCHESTER firm of Tungsten Car- 

bide Manufacturers require experi- 
enced qualified Metallurgist for research 
and development. Must be able to work 
on own initiative. Commencing salary 
from £1,200 p.a. according to experience ; 
also pension scheme. Box No. M.H.66, 
Meratiuraia, 31, King Street West, 
Manchester, 3. 


SOUTH-EAST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF ART, 
Longh dge Read, Dagenham 
LECTURER IN METALLURGY re- 
quired as soon as possible. Applicants 
should possess a degree or equivalent 


qualification and have had _ industrial 
experience. 
Salary £1,200 ~ £30 to £1,350 per 


annum plus London allowance £48 or 
£36 per annum. 

Details and forms (stamped addressed 
foolscap envelope) from the Clerk to the 
Governors at the College to whom com- 
pleted applications should be returned 
within fourteen days of this advertise- 
ment. 

THE UNIVERSITY OF SHEFFIELD 
APPLICATIONS are invited for THREE 
RESEARCH FELLOWSHIPS IN 
METALLURGY which are offered to 
graduates with research experience who 
desire an opportunity to do metallurgical 
research on a subject of their choice. 

THE J. H. ANDREW RESEARCH 
FELLOWSHIP. 

THE UNITED STEEL COMPANIES’ 
RESEARCH FELLOWSHIP. 

THE TUBE INVESTMENTS RE- 
SEARCH FELLOWSHIP. 

The subject for the research will be 
chosen in consultation with the Professor 
of Metallurgy, and in the case of the 
Andrew and United Steels Fellowships 
should lie broadly in the field of ferrous 
metallurgy. Normal tenure will be five 
years but the appointment will be for two 
years in the first instance and thereafter 
will be renewable annually. In each case 
the stipend for the first year will not be 
less than £750 per annum, and will rise 
by annual increments of £50 to £950. A 
higher stipend will be paid to a candidate 
with exceptional qualifications. There 
will be superannuation provision under 
the F.S.8.U. Applications (three copies) 
including the names and addresses of 
referees and, if desired, copies of testi- 
monials, should reach the Registrar (from 
whom further particulars can be obtained) 
not later than December 3Ist, 1956. 


SENIOR ENGINEER required to act as 

Personal Aide to Technical Director of 
Company designing and building Indus- 
trial Heat-Treat Furnaces. The post calls 
for good technical qualifications and 
industrial executive experience, prefer- 
ably of gas atmospheres and their applica- 
tion, and the ability to take increasing 
responsibility in assisting and deputising 
for the Technical Director in all aspects 
of the Company’s business. There is scope 
for advancement and a good salary will be 
paid depending upon qualifications. Write 
in confidence to Box No. M.H.63, METAL- 
LuRGIA, 31, King Street West, Man- 
chester, 3 
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SITUATIONS VACANT continued 


ASSISTANT METALLURGICAL EN- 

GINEER. Applications are invited 
from men aged 25/35 who hold degrees in 
metallurgy or who possess qualifications 
at least up to Inter B.Se. standard and 
have had several years of experience of a 
metallurgical nature, This vacancy occurs 
in the ‘Technical Sales Department. 
After training, the successful applicant 
will assist in trials of new development 
and products, contact customers on a 
service basis and act as a_ technical 
consultant to the sales department. The 
position is permanent and pensionable 
and offers a worthwhile future to the 
right man. Please write, in confidence, to 
the Staff Manager, The Morgan Crucible 
Company Limited, Battersea Church 
Road, 

MECHANICAL ENGINEER 
required by important industria] organisa- 
tion in Seandinavia. Must have several 
years of solid experience both in’ the 
design and manufacture of tools for the 
production of structural parts by 

POWDER METALLURGY 
and in the manufacture of such parts 
themselves. Employment would be for 
a period of two years after which the 
applicant can decide whether to stay or 
not. The tasks entrusted to the applicant 
will be extremely valuable in broadening 
his experience and knowledge in powder 
metallurgy. Write fulldetails of academic 
and industrial background together with 
photograph immediately to Box MH 67, 
METALLURGIA, SI, King Street West, 
Manchester 3. 
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Abbey Heat Treatments, Ltd, 
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Aluminium Union, Ltd 

Andrews, Thomas, & Ltd, 
Armatrom, Whitworth & Co 
Ashton, N. ¢ Ltd 
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Burton Griffiths & Co. 
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Dunford & Elliett (Sheffield), Lire 
Durrans, James, & Sons, Ltd 
lbyson & Oo., 1919, Lad 
Dyson, & J., Ltd 
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Electric Furnace Co., 
Kleetrotlo Meters Co,, 
Emmott & Ltd, 


Engineering Heat ‘Treatments 


Printed for the Proprietors, The Kennedy Press, Limited, 31, King Street West, Manchest, & 


SEN IOR METALLURGIST required to 

supervise new modernised Metallur- 
gical laboratory. The position requires a 
man capable of dealing with a wide range 
of problems. The position offers consider- 
able scope in a progressive and expanding 
organisation. Attractive salary up to 
£1,000 per annum, plus bonus. Apply 
stating age, education and experience to the 
Employment Officer, Hoover, Ltd., Peri- 
vale, Greenford, Middlesex. 

ME TALLURGIST required, exper nced 

in control of raw materials, heat 
treatment, electroplating, etc. Please 
write giving age, experience and present 
wage to: Personnel Manager, Addresso- 
graph-Multigraph, Ltd., Maylands Avenue, 
Heme! Hempstead, Herts. 
M: ATERIAL TEST HOUSE FOREMAN 

required by large Engineering Com- 
pany situated in the West of Engiand. 
The successful applicant will be responr- 
sible for the mechanical testing of raw 
material and finished components, flaw 
detection and pressure testing as routine 
examination. 

Applicants must be conversant with 
U.T.S. testing of all materials and also 
Extensiometer, Izod and all methods of 
erack detection and hardness checking. 
Previous supervisory experience of this 
nature, together with a practical know 
ledge of the methods of test piece prepara- 
tion for tensile, fatigue and Creep test are 
essential. 

Applications 
education and experience 
addressed to the Personnel 
Box No. M.H.60, 31, 
Street West, Manchester, 3. 


details of age, 
should be 
Manager, 
King 


giving 


MIDDLESBROUGH EDUCATION 
COMMITTEE 


CONSTANTINE TECHNICAL 
COLLEGE, MIDDLESBROUGH 


Principal: G. 8S. Atkinson, B.Se., Ph.D. 
The Governors invite applications for 

the following full-time post, duties to 

commence as soon as possible : 

Assistant Grade A and Grade B in 

Metallurgy : 


Applicants should be qualified to 
prepare students for L.I.M. examinations. 

Teaching and industrial experience and 
ability to undertake research would be 
additional recommendations. Salary in 
accordance with the Burnham Technica! 
Report. Further particulars and forms 
of application obtainable from the Director 
of Education, Education Office, Woodlands 
Road, Middlesbrough, to whom completed 
forms should be returned by not later than 
8th December, 1956. 


Metallographic Mounting Medium 


-H.P. Mounting Plastic, a cold-curing 
acrylic resin, permits the rapid mount- 
ing of metallographic sp>cimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
mekers: NORTH HILL PLASTICS, 
LTD., MANLEY COURT, LONDON, 
N.16. 


i 


x TO “ADVERTISERS 


Pa, 
Esso Petroleum, Ltd. 
Ether, Ltd 
xpert lool Heat Tre: atment, 


“no & 44 
‘Ltd. we 


Firth, Thomas, & John Brown, Ltd. ..  .. 
Firth Vickers Stainless Steels, Ltd. we 
Flough, Garage & Eng’g. Co... 
Foster, Ltd. 
Fuel Furnaces, Ltd 

Fuller's Earth nion, 


Johnson, 
Inside 


Front Cover 


Ltd. 


Gas Council 

General Electric Co. ‘Ltd. ‘ 
Gibbons Brothers, Ltd. Front Cover 


Hadftields, Ltd. - 
Hale & Hale Lipton), “Ltd Back Cover 
Halesowen Steel Co., Ltd. oe 6 
Hallamshire Steel & File Co., 

Haslingdon Metal Powders 

Head, Wrightson, & Co,, Ltd. 

Hedin, Ltd. 

High Duty Alloys es 

High Speed Steel Alloys 

Hilger & Watts .. 


Ilterd, Ltd. 

Imperial omic cal 
Ltd. 

Imperial ¢ hemical Industries (Mets al), Ltd. 

Incandescent Heat Co., Ltd. . 

Integra, Leeds & Northrop, Ltd. 


Industries Heat ‘Treatment, 


Jackman, J. W., & Co., Ltd. .. 
Jarrow Metal Industries, Ltd. 


Kasenit, Ltd, 

Kennedy, The Press, Ltd. 
Kent, George, Ltd. 
Kodak, Ltd. ee 


Inside Back Cover 


Langhams, J. Thompson 
Langleys Alloys, Ltd. ee 
Loewy Engineering, Ltd. 
Lucas Furnaces, Ltd, 


Magnesium Elektron, Ltd. an 
Marshall, Thomas, & Co., Ltd. 
Mathison, John, Ltd. 


Metallectric Furnaces, Ltd. 
Metal Processes, Ltd. ° 
Mond Nickel Co., Ltd. ° 
Morgan Crucible Co., L td. 
Morgan Refractories, Ltd. 
Murex, Ltd. 


Nash & Thompson, Ltd 
New Metals & Chemicals 
Newton Chambers & Co., 
Nitralloy, Ltd, se 


Ltd. 


Ltd. 


Phosphor Bronze Co., 
Ltd. 


Pickford, Holland & Co., 
Powder Metallurgy, Ltd. 
Priest Furnaces, Ltd. 


Rapid Magnetic Machines, Ltd. 
Refractory Mouldings . 
Robertson, W.H.A. 

Sanderson Brothers & Newbould, Ltd. 
Scott, A. C., & Co., Ltd. .. i 
Shandon Scientific Co. 

Sheppard, & Sons, Ltd. 

Sintering & Brazing Furnaces, L td. 
=methw k Drop Forgings, L td. 
Smith, W. H., & Son, Ltd... 

Stein, G. -, & Co., Ltd. es 

Stelcon (Industri: iF loors), L td. 
Stillite Products, Ltd. 
Stordy Engineering, Ltd... 


Thermal Syndicate, Ltd. .. 
Thermal Equipment & Eng’g. 
Thomsom L’Hospied 
Titanium Metals & Alloys 
Tungum Co., Ltd. 


‘Ltd. 


Universal Aluminium Co., Ltd. 
Vacuum Industrial ations 
Vaughan, Edgar & Co, 


Wade, A. R., Ltd. .. 

Wellman Smith Owen Eng. Corp. 
West Instrument Oo., Ltd. 
Wiggin, Henry, & Co., Ltd. .. 
Wild-Bartield Electric Furnaces, Li td 
Wilkinson, James, & Son. 

Wincott, G.P., Ltd. .. 


20, 31, 66 


Zine Allev Rust Proofing Co., Ltd. 


, 50, Temple Chambers, Temple Avenue 


London, E.C.4, by Percy Brothers, Limited, The Hotspur Press, Manchester and London. Registered for transmission by Magazine Post 


to Canada and Newfoundland. 


pr 
. 
du, 
67 
32 
. 
63 
. 26 
oo Oe “a «a» 
we 
61 


KASENIT CYANIDE & NEUTRAL 


CASE HARDENING COMPOUNDS 
HEAT TREATMENT FURNACES 


SALT BATH 
FURNACES 


Illustration shows a Gas Fired Cyanide Furnace 
with Pot Preheater, size of Pots I5 in. dia. 
x 48 in. deep, fitted with Schieldrop Self 
Proportioning Burners ; and Keith Blackman 


Fume Extractor as a complete Unit. 


We also supply the same design in a Single or 
Three Pot Unit, in a large range of sizes. 


Designed and Manufactured in our own works. 


ay 
° 
| JA 
‘ 
— 
4 
te 
7 . 
7 HOLYROO 
D ST., BERMONDSEY, LONDON, S.E.1 
‘elephone : HOP 
0430 Telegrams : “MONOXIDE, SEDIST,"" LONDON 


SCIENTIFICALLY 
CONTROLLED 
IN EVERY STAGE 
OF MANUFACTURE 


MALLEABLE 
IRON 


STAFFORDSHIRE 
Send for details of our film ‘* Modern Malleable”’ 


HALE. HALE timires pont 
0464 
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